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SUMMARY	  AND	  OUTLINE	  OF	  THESIS	  
	  
The	  following	  thesis	  is	  aimed	  at	  optimizing	  adjuvant	  treatment	  for	  colorectal	  cancer	  (CRC)	  
patients.	  CRC	  treatment	  has	  improved	  over	  the	  decades	  resulting	  in	  improved	  overall	  
survival	  of	  patients.	  The	  5-­‐year	  overall	  survival	  for	  CRC	  in	  the	  US	  between	  1975	  –	  1979	  was	  
50.6%	  while	  by	  2004;	  it	  had	  improved	  to	  65.9%.	  This	  is	  largely	  due	  to	  improvement	  in	  
surgical	  and	  radiation	  techniques,	  screening	  initiatives	  and	  more	  effective	  chemotherapy	  
drugs.	  However,	  when	  this	  is	  compared	  to	  the	  5-­‐year	  overall	  survival	  for	  breast	  cancer	  in	  
2004	  of	  89.9%	  (SEER	  data),	  it	  is	  clear	  that	  there	  remains	  a	  need	  for	  further	  improvement	  in	  
CRC	  treatment.	  
	  
The	  thesis	  evaluated	  different	  approaches	  to	  further	  improve	  overall	  survival	  rates	  and	  to	  
reduce	  the	  acute	  and	  late	  toxicities	  associated	  with	  adjuvant	  treatment.	  One	  of	  the	  
approaches	  was	  to	  attempt	  to	  personalize	  treatment	  for	  colorectal	  cancer	  patients	  using	  
prognostic	  and	  predictive	  biomarkers.	  The	  group	  selected	  for	  review	  were	  patients	  with	  
Stage	  C	  colon	  and	  rectal	  patients	  as	  the	  risk	  of	  recurrence	  is	  very	  high	  and	  the	  5	  year	  overall	  
survival	  remains	  poor	  at	  28%	  (for	  colon	  cancer)	  and	  33%	  (for	  rectal	  cancer)	  (American	  
Cancer	  Society	  data).	  Despite	  the	  improvements	  in	  treatment,	  a	  significant	  proportion	  of	  
patients	  with	  Stage	  III	  (C)	  CRC	  will	  still	  relapse.	  In	  this	  era	  of	  personalized	  medicine,	  the	  
hope	  is	  to	  be	  able	  to	  tailor	  treatment	  regimens	  according	  to	  the	  patient	  and	  disease	  stage	  
to	  reduce	  toxicity	  and	  improve	  efficacy.	  We	  evaluated	  the	  role	  of	  chemotherapy	  alone	  
without	  radiotherapy	  in	  Stage	  C	  rectal	  cancer	  and	  the	  possible	  role	  of	  a	  new	  candidate	  
biomarker	  s100A4	  in	  the	  prognostication	  of	  Stage	  C	  colon	  cancer.	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Two	  literature	  reviews,	  one	  reviewing	  the	  current	  data	  for	  adjuvant	  chemotherapy	  for	  
colon	  and	  rectal	  cancer	  and	  the	  other	  reviewing	  the	  more	  promising	  predictive	  biomarkers	  
for	  colorectal	  cancer	  treatment,	  were	  performed.	  	  A	  retrospective	  analysis	  of	  the	  survival	  of	  
Stage	  C	  rectal	  cancer	  patients	  in	  a	  public	  teaching	  hospital	  who	  received	  adjuvant	  
chemotherapy	  after	  a	  curative	  resection	  was	  conducted.	  I	  collected	  and	  collated	  the	  data	  
and	  analysed	  the	  data	  with	  the	  help	  of	  Dr	  Owen	  Dent,	  a	  statistician.	  An	  original	  research	  
study	  evaluating	  the	  role	  of	  a	  candidate	  marker,	  s100A4	  in	  the	  treatment	  of	  Stage	  C	  colon	  
cancer	  was	  carried	  out.	  I	  performed	  the	  immunohistochemical	  (IHC)	  staining	  of	  the	  tissue	  
microarrays	  with	  s100A4	  antigen	  with	  the	  aid	  of	  Dr	  Lucy	  Jankova,	  scored	  the	  tissue	  
microarrays	  post	  IHC	  staining	  (Dr	  Caroline	  Fung,	  a	  pathologist	  was	  the	  other	  independent	  
scorer),	  collected	  and	  collated	  the	  data	  and	  analysed	  the	  data	  with	  the	  help	  of	  Dr	  Owen	  
Dent.	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Introduction	  
	  
Cancer	  is	  becoming	  a	  major	  health	  issue	  globally	  and	  in	  Australia.	  In	  2010,	  it	  was	  estimated	  
to	   be	   the	   leading	   cause	   of	   the	   burden	  of	   disease	   in	  Australia,	   accounting	   for	   19%	  of	   the	  
total	   burden	   of	   healthcare.	   A	   total	   of	   108,368	   new	   cases	   of	   cancer	   (62,019	   males	   and	  
46,349	  females)	  were	  diagnosed	  in	  Australia	  in	  2007	  1.	  
The	  top	  three	  most	  commonly	  reported	  cancers	  in	  Australia,	  in	  2007	  were	  prostate	  cancer	  
(19,403	  cases),	  colorectal	  cancer	  (CRC)	  (14,234	  cases)	  and	  breast	  cancer	  (12,670	  cases).	  Of	  
the	   colorectal	   cancer	   cases,	   approximately	   30%	  were	   rectal	   cancers.	   CRC	   is	   the	   3rd	  most	  
common	   cancer	   globally	   and	   the	   2nd	   most	   common	   cancer	   amongst	   both	   males	   and	  
females	   in	  Australia	   (7,804	  cases	   in	  males	  and	  6,430	  cases	   in	   females).	  Approximately	  80	  
Australians	  die	  of	  CRC	  each	  week	  and	  CRC	  is	  the	  2nd	  most	  common	  cause	  of	  cancer	  deaths	  
in	  both	  Australian	  men	  and	  women	  (4047)	  deaths	  1.	  	  	  
Between	  1982	  to	  2007,	  the	   incidence	  rate	  of	  CRC	  in	  males	   increased	  significantly	  from	  67	  
cases	  per	  100,000	  to	  75	  cases	  per	  100,000	  males,	  resulting	  in	  an	  overall	  increase	  of	  13%.	  In	  
contrast,	  the	  incidence	  rate	  of	  CRC	  in	  females	  was	  fairly	  stable,	  varying	  between	  50	  and	  55	  
cases	  per	  100,000	  during	  the	  same	  26-­‐year	  period.	  The	  risk	  for	  CRC	  for	  men	  is	  also	  higher	  
than	   that	  of	  women.	   For	  men,	   the	   risk	   is	   1	   in	  18	  before	   the	  age	  of	   75	   years	   and	  1	   in	  10	  
before	   the	   age	   of	   85	   years	   compared	   to	   the	   risk	   of	   a	  woman	   being	   diagnosed	  with	   CRC	  
before	   the	   age	   of	   75	   years	   being	   1	   in	   26	   and	   1	   in	   14	   before	   the	   age	   of	   85	   years.	   It	   is	  
postulated	  that	  the	  lower	  incidence	  rate	  for	  females	  compared	  to	  males	  could	  be	  related	  to	  
differences	  in	  behavior	  that	  increases	  the	  risk	  of	  CRC	  and	  the	  differing	  effect	  of	  obesity	  in	  
males	  and	  females	  2.	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There	  have	  been	  many	   improvements	   in	   the	  prevention,	   screening	  and	   treatment	  of	  CRC	  
over	  the	  last	  2	  decades.	  Treatment	  of	  CRC	  is	  dependent	  on	  the	  stage	  at	  diagnosis	  and	  often	  
involves	  different	  modalities	   including	   surgery,	   chemotherapy	  and	   radiotherapy.	  Tumours	  
are	  staged	  according	  to	  the	  Tumour,	  Nodes,	  Metastases	  (TNM),	  Dukes	  or	  a	  modified	  Dukes	  
staging	   system	   such	   as	   the	   Australian	   Clinicopathological	   (ACP)	   Staging	   System	   for	  
colorectal	  cancer	  3,	  4	  A	  stage	  C	  CRC	  tumour,	  by	  the	  ACP	  Staging	  System,	   is	  defined	  as	  one	  
where	  regional	  nodal	  metastasis	  has	  occurred	  but	  with	  no	  identifiable	  systemic	  disease	  and	  
no	  histological	  evidence	  of	  tumour	  present	  in	  the	  proximal,	  distal,	  circumferential	  or	  deep	  
lines	  of	  resection	  of	  the	  operative	  specimen.	  A	  Stage	  III	  CRC	  tumour,	  by	  TNM	  staging,	  is	  also	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Which cancers led to most deaths?
In Australia in 2007, lung cancer (7,626 deaths), bowel cancer (4,047 deaths), prostate cancer (2,938 deaths), 
breast cancer (2,706 deaths) and lymphoid cancers (2,552 deaths) were the most common causes of cancer 
death. Together these five cancers represented half (50%) of all deaths from cancer, with lung cancer alone 
accounting for one in every five deaths due to cancer (19%).
Among males, lung cancer was the leading cause of cancer death, with 4,715 deaths in 2007. Prostate cancer 
(2,938 deaths), bowel cancer (2,191 deaths), lymphoid cancers (1,423 deaths) and cancer of unknown primary 
site (1,247 deaths) were the next most common causes of cancer deaths. These five cancers accounted for 55% 
of all deaths due to cancer among males. 
Lung cancer was also the most common cancer causing deaths in females in 2007 (2,911 deaths). Breast 
cancer (2,680 deaths), bowel cancer (1,856 deaths), lymphoid cancers (1,129 deaths) and cancer of unknown 
primary site (1,097 deaths) were the next most common causes of cancer deaths. Together these five cancers 
accounted for 56% of all deaths from cancer in females. 
Table 3.2: The 10 most common causes of death from cancer, Australia, 2007
Males Females
Site/type Cases ASR(a) CI (95%) Site/type Cases ASR(a) CI (95%)
Lung (C33–C34) 4,715 46.3 45.0–47.6 Lung (C33–C34) 2,911 24.0 23.1–24.9
Prostate (C61) 2,938 31.0 29.9–32.2 Breast (C50) 2,680 22.1 21.2–22.9
Bowel (C18–C20) 2,191 21.7 20.8–22.6 Bowel (C18–C20) 1,856 14.6 13.9–15.3
Lymphoid 
cancers(b) 1,423 14.2 13.4–14.9
Lymphoid 
cancers(b) 1,129 8.8 8.3–9.3
Unknown primary 
(C77–C80) 1,247 12.5 11.8–13.2
Unknown primary 
(C77–C80) 1,097 8.5 8.0–9.1
Pancreas (C25) 1,233 12.1 11.4–12.8 Pancreas (C25) 1,015 8.0 7.6–8.6
Myeloid cancers(c) 867 8.8 8.2–9.4 Ovary (C56) 848 7.0 6.5–7.5
Melanoma of  
skin (C43) 864 8.5 7.9–9.1 Myeloid cancers(c) 592 4.6 4.2–5.0
Oesophagus (C15) 790 7.7 7.1–8.2 Brain (C71) 457 3.9 3.6–4.3
Liver (C22) 717 6.9 6.4–7.5
Other digestive 
organs (C26) 441 3.4 3.1–3.7
All cancers(d) 22,562 224.9 222.0–227.9 All cancers(d) 17,322 139.1 137.0–141.2
(a) The rates were standardised to the Australian population as at 30 June 2001 and are expressed per 100,000 population.
(b)  Lymphoid cancers (ICD-10 codes of C81–C85, C88, C90 and C91) are cancers that start in lymphocytes of the immune system. The most common types 
are lymphoma, lymphoid leukaemia and myeloma.
(c)  Myeloid cancers (ICD-10 codes of C92–C94, C96.2, D45, D46, D47.1 and D47.3) are cancers that develop in the blood-forming cells of the bone marrow. 
The most common types are myeloid leukaemia and myelodysplastic syndrome. 
(d) Includes cancers coded in ICD-10 as C00–C97, D45, D46, D47.1 and D47.3. 
Source: AIHW National Mortality Database.
Does mortality differ by age?
Although cancer deaths occur in people of every age, most cancer deaths are recorded in the oldest age 
groups. More precisely, 84% of all cancer deaths in males and 81% all cancer deaths in females occurred in 
people over the age of 60 years in 2007. The average age at death due to cancer was 72 years for both males 
and females.
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Table 2.2: The 10 most commonly diagnosed cancers, Australia, 2007
Males Females
Site/type Cases ASR(a) CI (95%) Site/type Cases ASR(a) CI (95%)
Prostate (C61) 19,403 182.9 180.3–185.5 Breast (C50) 12,567 109.2 107.3–111.1
Bowel (C18–C20) 7,804 75.2 73.5–76.9 Bowel (C18–C20) 6,430 53.4 52.1–54.7
Melanoma of  
skin (C43) 5,980 57.2 55.7–58.7
Melanoma of  
skin (C43) 4,362 38.2 37.1–39.4
Lung (C33–C34) 5,948 57.9 56.5–59.4 Lung (C33–C34) 3,755 31.3 30.3–32.4
Lymphoid 
cancers(b) 4,116 39.6 38.4–40.8
Lymphoid 
cancers(b) 3,160 26.8 25.9–27.8
Myeloid cancers(c) 1,859 18.5 17.7–19.4 Uterus (C54–C55) 1,942 16.5 15.8–17.3
Kidney (C64) 1,716 16.3 15.5–17.1
Unknown  
primary (C80) 1,401 11.0 10.4–11.6
Bladder (C67) 1,644 16.5 15.7–17.3 Thyroid (C73) 1,331 12.2 11.6–12.9
Unknown  
primary (C80) 1,496 14.9 14.2–15.7 Ovary (C56) 1,266 10.8 10.2–11.4
Pancreas (C25) 1,352 13.1 12.4–13.8 Myeloid cancers(c) 1,232 10.1 9.5–10.7
All cancers(d) 62,019 595.1 590.4–599.8 All cancers(d) 46,349 393.9 390.3–397.5
(a)  The rates were standardised to the Australian population as at 30 June 2001 and are expressed per 100,000 population.
(b)  Lymphoid cancers (ICD-10 codes of C81–C85, C88, C90 and C91) are cancers that start in lymphocytes of the immune system. The most common types 
are lymphoma, lymphoid leukaemia and myeloma.
(c)  Myeloid cancers (ICD-10 codes of C92–C94, C96.2, D45, D46, D47.1 and D47.3) are cancers that develop in the blood-forming cells of the bone marrow. 
The most common types are myeloid leukaemia and myelodysplastic syndrome. 
(d)  Includes cancers coded in ICD-10 as C00–C97, D45, D46, D47.1 and D47.3 with the exception of those C44 codes which indicate a basal or squamous cell 
carcinoma of the skin. 
Source: AIHW Australian Cancer Database.
Box 2.1: Incidence of cancers of the blood and lymphatic system
In the body of this report, blood and lymphatic system cancers are grouped according to the tenth 
version of the International Classification of Diseases and Related Health Problems (ICD-10) in order to 
provide consistent incidence and mortality data ( ortality data are only available coded according to 
the ICD-10). However, in Appendix H, incidence data for cancers of the blood and lymphatic system are 
also presented according to a modern classification scheme developed by the World Health Organisation 
(WHO), with additional input from AACR and the Australian Blood Cancer Registry.
Does incidence differ by age? 
Cancer is primarily a disease that affects older people. In 2007, 74% of new cancer cases in males and 62% of 
new cancer cases in females occurred among those aged 60 years and older. The mean age of diagnosis was 
67 years for males and 64 years for females. 
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defined	   as	   one	  whereby	   the	   regional	   lymph	   nodes	   are	   affected	   but	   there	   are	   no	   distant	  
metastases.	  The	  current	  standard	  of	  care	  for	  Stage	  III	  (C)	  colon	  cancer	  is	  curative	  resection	  
followed	  by	  adjuvant	  chemotherapy.	  The	  standard	  of	  care	  for	  Stage	  III	  (C)	  rectal	  cancer	  is,	  
however	  more	  challenging	  as	  the	  aims	  of	  treatment	  are	  beyond	  that	  of	  a	  cure.	  Other	  aims	  
of	   treatment	   for	   Stage	   III	   (C)	   rectal	   cancer	   include:	   1.	   Preventing	   local	   recurrence	   by	  
eradicating	   both	   macroscopic	   and	   microscopic	   pelvic	   disease	   and	   2.	   Preserving	   good	  
sphincter	  function	  in	  as	  many	  patients	  as	  possible.	  
	  
Despite	  the	  numerous	  advancements,	  the	  5-­‐year	  overall	  survival	  for	  Stage	  III	  (C)	  CRC	  
ranges	  from	  30	  –	  75%.	  Stage	   III	   (C)	  CRC	   is	  a	  very	  heterogeneous	  patient	  population	  and	  a	  
significant	  proportion	  of	  patients	  with	  Stage	   III	   (C)	  CRC	  will	   still	   relapse.	  One	  of	   the	  most	  
important	  aspects	  of	  the	  treatment	  of	  rectal	  cancer	  is	  the	  prevention	  of	  local	  recurrences.	  
Fortunately,	   the	   incidence	   of	   local	   recurrences	   after	   rectal	   cancer	   surgery	   has	   decreased	  
with	   improved	   surgical	   techniques,	   neoadjuvant	   and	   adjuvant	   therapy.	   Studies	   from	   the	  
1980’s	   reported	   a	   local	   recurrence	   rate	   of	   as	   high	   as	   25–40%	   5.	   After	   improved	   surgical	  
techniques	  and	  preoperative	  radiotherapy,	  the	  rate	  was	  reduced	  to	  5–15%	  6.	  In	  the	  Swedish	  
Rectal	  Cancer	  Trial,	  which	  studied	  the	  effect	  of	  preoperative	  RT,	   the	   local	  recurrence	  rate	  
decreased	  to	  11%.	  Radiotherapy	  (RT)	  leads	  to	  a	  signiﬁcant	  reduction	  of	  local	  recurrences.	  In	  
about	  30–50%	  of	  the	  patients	  with	  recurrent	  disease,	  a	  local	  recurrence	  in	  the	  pelvis	  is	  the	  
only	  tumor	  manifestation	  and	  it	  may	  cause	  a	  patient	  significant	  pain,	  local	  problems	  such	  as	  
fistula	  development	  and	  poor	  quality	  of	  life	  before	  death	  7.	  	  
As	  we	  move	   into	  the	  era	  of	  personalized	  medicine,	  we	  hope	  to	  be	  able	  to	  provide	  
patients	   with	   more	   effective	   curative	   treatments	   and	   to	   predict	   patients’	   responses	   to	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treatment	  to	  avoid	  unnecessary	  treatment.	  For	  example,	  most	  patients	  who	  receive	  post-­‐
operative	  adjuvant	   therapies	   in	  order	   to	  prevent	   future	   recurrence	  will	  have	  unnecessary	  
treatment	  as	  currently	   there	  are	   few	  accurate	  methods	  of	   identifying	   that	   small	  group	  of	  
patients	  who	  will	  derive	  benefit.	  Treatment	   individualization	  will	  potentially	  provide	  more	  
precise	   diagnoses	   and	   effective	   treatment	   while	   selecting	   specific	   disease-­‐targeting	  
treatment	   avoids	   potentially	   life-­‐threatening	   adverse	   events.	   In	   addition,	   the	   ability	   to	  
predict	   the	   risk	   of	   toxicities	   before	   symptoms	   appear	   allows	   the	   use	   of	   prophylactic	  
measures	   such	   as	   antibiotics	   or	   growth	   factors	   or	   alternative	   treatments	  with	   a	   differing	  
spectrum	  of	  toxicities.	  Overall,	  we	  may	  be	  able	  to	  manage	  the	  disease	  more	  effectively	  by	  
eliminating	  unnecessary	  therapies	  and	  adjusting	  treatments	  in	  a	  “real-­‐time”	  fashion	  as	  the	  
disease	  evolves.	  
	  
At	  present,	  the	  “standard”	  prognostic	  factors	  for	  CRC	  include	  T	  stage,	  N	  stage	  (the	  
number	  of	  lymph	  nodes),	  M	  stage	  (presence	  or	  absence	  of	  distant	  metastases,	  presence	  of	  
perineural	  or	  lymphovascular	  invasion,	  presence	  of	  obstruction	  or	  perforation,	  clear	  versus	  
involved	  margins,	  pre-­‐	  and	  post-­‐op	  CEA	  levels	  and	  so	  on.	  Given	  the	  heterogeneity	  present	  
within	  Stage	   III	   (C)	  CRC,	  there	   is	  a	  need	  to	   identify	  better	  prognostic	   factors	  to	  be	  able	  to	  
identify	  those	  at	  a	  higher	  risk	  of	  distant	  or	  local	  recurrence	  and	  who	  would	  might	  therefore,	  
require	  more	   intensive	   treatment.	   Conversely,	   those	   at	   lower	   risk	  may	   be	   able	   to	   forgo	  
certain	  treatments	  and	  avoid	  unnecessary	  toxicities.	  
This	   thesis	   aims	   to	   review	   the	   current	   available	   evidence	   for	   adjuvant	   therapy	   in	  
Stage	  III	  (C)	  CRC	  and	  the	  various	  prognostic	  and	  predictive	  biomarkers	  used	  in	  personalizing	  
treatment	  for	  patients	  with	  CRC.	  	  It	  hopes	  to	  be	  able	  to	  make	  a	  few	  small	  steps	  forwards	  in	  
the	   attempt	   to	   optimize	   efficacy	   of	   adjuvant	   therapy	   in	   Stage	   III	   (C)	   CRC	   by	   (1)	   a	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retrospective	   analysis	   of	   Stage	   III	   (C)	   rectal	   cancer	   patients	   treated	   with	   adjuvant	  
chemotherapy	   alone	   and	   (2)	   validation	   of	   a	   potential	   biomarker,	   s100A4	   in	   Stage	   III	   (C)	  
colon	  cancer	  patients.	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2.1	   ADJUVANT	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2.1	   Adjuvant	  Therapy	  for	  Colon	  Cancer	  
	  
In	  1990,	   the	   first	  guidelines	   for	  adjuvant	   therapy	   for	  Stage	   III	   (C)	  colorectal	   cancer	  
were	  introduced	  and	  6	  months	  of	  5-­‐Fluorouracil	  (5FU)	  and	  leucovorin-­‐based	  chemotherapy	  
became	   the	   standard	   of	   care	   8.	   Since	   then,	   multiple	   regimens	   have	   been	   trialed	   in	   an	  
attempt	  to	  improve	  efficacy	  and	  decrease	  toxicity.	  	  
The	   IMPACT	   study	   is	   a	   pooled	   analysis	   of	   3	   trials	   undertaken	   by	   the	   Gruppo	  
Interdisciplinare	   Valutazione	   Interventi	   Oncologia	   (GIVIO),	   the	   National	   Cancer	   Institute	  
Canada	   Clinical	   Trials	   Group	   (NCI-­‐CTG)	   and	   the	   Foundation	   Francaise	   de	   Cancerologie	  
Digestive	   (FFCD).	   It	   further	   confirmed	   the	  benefit	   of	  bolus	  5FU	  and	  high-­‐dose	   folinic	   acid	  
daily	  for	  5	  days	  every	  28	  days,	  for	  a	  total	  of	  6	  cycles.	  The	  results	  showed	  an	  increase	   in	  5	  
year	  overall	  survival	  	  (OS)	  from	  78%	  to	  83%	  and	  a	  decrease	  in	  mortality	  by	  22%	  (95%	  CI	  3	  –	  
38;	  p	  =0.029)	  9.	  
However,	  toxicities	  of	  the	  above	  bolus	  5FU	  regimen	  (also	  known	  as	  Mayo	  regimen)	  
were	   significant,	   leading	   to	   the	   search	   for	   regimens	   that	   are	   better	   tolerated.	   	   In	   1999,	  
NSABP-­‐C04	  confirmed	  that	  weekly	  5FU	  and	  leucovorin	  for	  6	  out	  of	  8	  weeks,	  for	  a	  total	  of	  6	  
months	  (also	  referred	  to	  as	  Roswell	  Park	  regimen)	  was	  superior	  to	  daily	  5FU	  and	  levamisole	  
and	  5FU,	   levamisole	  and	   leucovorin	  and	  better	  tolerated	  10.	   	  DeGramont	  and	  the	  German	  
AIO	  Group	  also	  introduced	  equally	  effective	  biweekly	  5FU	  infusional	  schedules	  (LV5FU2)	  11.	  
	  
The	  Role	  of	  Oxaliplatin	  
The	   benefit	   of	   a	   doublet	   regimen	   with	   oxaliplatin	   and	   5FU/Folinic	   Acid	   was	  
demonstrated	  in	  2	  clinical	  trials.	  The	  MOSIAC	  study	  compared	  the	  addition	  of	  oxaliplatin	  to	  
infusional	  5FU/Folinic	  acid	  and	  found	  a	  significantly	  improved	  disease-­‐free	  survival	  (DFS)	  at	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3	  years,	  with	  a	  reduction	  in	  risk	  of	  recurrence	  by	  23%	  12.	  	  A	  recent	  update	  at	  6	  years	  showed	  
that	  there	  remains	  a	  significant	  absolute	  overall	  survival	  benefit	  of	  4.2%	  for	  Stage	  III	  colon	  
cancer	   patients	   treated	   with	   oxaliplatin	   and	   infusional	   5FU/FA	   (FOLFOX)	   compared	   with	  
infusional	  5FU/FA	  13.	  NSABP	  C-­‐07	  compared	  the	  efficacy	  of	  bolus	  5FU	  and	  oxaliplatin	  (FLOX)	  
to	   weekly	   5FU	   and	   leucovorin	   (Roswell	   Park	   regimen)	   and	   the	   results	   also	   showed	   a	  
significant	  3	  year	  disease	  free	  survival	  (DFS)	  improvement	  of	  76.5%	  versus	  71.6%	  for	  FLOX	  
versus	  5FU	  and	  leucovorin	  14.	  
	  
The	  Role	  of	  Oral	  therapy	  
The	  XACT	  study	  showed	  that	  in	  stage	  III	  colon	  cancer,	  6	  months	  of	  single	  agent	  oral	  
capecitabine	  is	  an	  active	  alternative	  treatment	  to	  intravenous	  schedules	  with	  a	  favourable	  
toxicity	   profile	   15.	   	   Following	   this,	   the	   combination	   of	   capecitabine	   and	   oxaliplatin	   was	  
investigated	  and	  Haller	  et	  al	  reported	  a	  benefit	  in	  5	  year	  OS	  for	  the	  combination	  compared	  
to	  5FU	  and	   folinic	  acid	  with	  a	  hazard	   ratio	  of	  0.87	   (95%	  CI,	  0.72	   to	  1.05;	  p	  =	  0.1486)	  and	  
absolute	  5	  year	  OS	  of	  3.4%	  16.	  Increasingly,	  oral	  capecitabine	  is	  replacing	  infusional	  5FU	  as	  it	  
is	  more	  convenient	  and	  cost-­‐effective	  for	  patients	  and	  governments	  17.	  
	  
The	  Role	  of	  Irinotecan	  
Since	   then,	   further	  adjuvant	   studies	   involving	   irinotecan	  and	   targeted	  agents	  have	  
evolved.	  Although	  these	  drugs	  have	  proven	  highly	  effective	  in	  metastatic	  CRC,	  the	  results	  in	  
the	  adjuvant	  setting	  have	  been	  disappointing.	  The	  CALGB	  89803	   trial	   compared	  5-­‐FU	  and	  
irinotecan	  (IFL)	  to	  5FU	  administered	  as	  per	  the	  Roswell	  Park	  regimen.	  The	  study	  closed	  early	  
due	   to	   increased	   rate	  of	  mortality	   in	   the	   IFL	  arm	   (2.2%	  versus	  0.8%).	  Preliminary	  analysis	  
also	  showed	  no	  improvement	  for	  DFS	  or	  OS	  in	  the	  IFL	  arm	  18.	  The	  PETACC-­‐3	  trial,	  whereby	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2094	   Stage	   III	   colon	   cancer	   patients	   were	   randomized	   to	   either	   LV5FU2	   or	   LV5FU	   and	  
irinotecan,	  also	  failed	  to	  show	  any	  significant	  benefit	  with	  irinotecan-­‐based	  therapy	  19.	  	  
	  
The	  Role	  of	  Targeted	  Agents	  
The	  role	  of	  targeted	  agents,	  bevacizumab,	  an	  anti-­‐angiogenic	  monoclonal	  antibody	  
and	   cetuximab,	   anti-­‐EGFR	   monoclonal	   antibody	   together	   with	   chemotherapy	   was	   also	  
being	  evaluated.	  NSABP	  C08	  was	  a	  phase	   III	   trial	  analyzing	  the	  benefits	  of	   the	  addition	  of	  
bevacizumab	   for	   a	   year	   to	   standard	   chemotherapy	   consisting	   of	   infusional	   5FU	   and	  
oxaliplatin	   (mFOLFOX6).	   The	   primary	   end-­‐point	   of	   this	   large	   study	   consisting	   of	   2672	  
patients	  was	  DFS.	  After	  a	  median	  follow-­‐up	  of	  35.6	  months,	  the	  addition	  of	  bevacizumab	  to	  
mFOLFOX6	  did	  not	  result	   in	  an	  overall	  significant	   increase	   in	  DFS	  (hazard	  ratio	   [HR],	  0.89;	  
95%	  CI,	  0.76	  to	  1.04;	  P	  =	  .15).	  The	  point	  estimates	  for	  3-­‐year	  DFS	  for	  the	  patients	  with	  stage	  
III	   disease	   were	   74.2%	   and	   72.4%	   respectively	   20.	   The	   AVANT	   study	   was	   another	  
randomized,	   three-­‐arm	   multinational	   phase	   III	   trial	   to	   investigate	   if	   the	   addition	   of	  
bevacizumab	   to	  XELOX	  or	  FOLFOX4	  would	   improve	  3	  year	  DFS.	   	  The	   results	  are,	  however	  
disappointingly	   similar	   to	   that	   of	   NSABP	   C08	   with	   no	   improvement	   in	   DFS	   in	   the	  
bevacizumab	  treated	  group	  of	  patients	  21.	  	  
Given	  the	  role	  of	  cetuximab	  in	  metastatic	  wild	  type	  KRAS	  colon	  cancer,	  the	  potential	  
benefit	  of	  cetuximab	  added	  to	  the	  modified	  FOLFOX6	  regimen	  (mFOLFOX6)	  in	  patients	  with	  
resected	  stage	  III	  wild-­‐	  type	  KRAS	  colon	  cancer	  was	  also	  explored.	  A	  total	  of	  2686	  patients	  
were	  randomized	  to	  receive	  12	  biweekly	  doses	  ofmFOLFOX6	  with	  or	  without	  cetuximab.	  
Unfortunately,	  at	  a	  median	  follow-­‐up	  of	  28	  months,	  the	  trial	  did	  not	  show	  any	  benefit	  for	  
the	  addition	  of	  cetuximab	  as	  the	  three-­‐year	  disease	  free	  survival	  for	  mFOLFOX6	  alone	  was	  
74.6%	  versus	  71.5%	  with	  the	  addition	  of	  cetuximab	  (HR,	  1.21;	  95%	  CI,	  0.98-­‐	  1.49;	  P=.08)	  .	  
17	  	  
Hence,	  among	  patients	  with	  stage	  III	  resected	  colon	  cancer,	  the	  use	  of	  cetuximab	  with	  
adjuvant	  mFOLFOX6	  compared	  with	  mFOLFOX6	  alone	  did	  not	  result	  in	  improved	  disease-­‐
free	  survival.	  
	  
The	  United	  States	  versus	  European	  Guidelines	  
The	  guidelines	  for	  adjuvant	  colon	  cancer	  in	  the	  United	  States	  and	  Europe	  are	  fairly	  
similar.	  The	  US	  National	  Comprehensive	  Cancer	  Network	  guidelines	  recommend	  that	  all	  T1-­‐
3,	  N1-­‐2,	  M0	  or	  T4,	  N1-­‐2,	  M0,	  (TNM	  Stage	  III)	  colon	  cancers	  receive	  adjuvant	  chemotherapy	  
consisting	   of	   oxaliplatin	   and	   5FU	   or	   capecitabine.	   Single	   agent	   capecitabine	   or	   5FU	   is	  
recommended	  if	  doublet	  chemotherapy	  is	  contraindicated.	  
Similarly,	   the	   most	   recently	   published	   guidelines	   by	   the	   European	   Society	   for	   Medical	  
Oncology	  (ESMO)	  state	  that	  “stage	  III	  (any	  T,	  N1	  M0,	  any	  T,	  N2	  M0)	  (old	  staging:	  Dukes’	  C	  or	  
MAC	  C1–C3)	  colon	  cancer	  should	  undergo:	  (i)	  Wide	  surgical	  resection	  and	  anastomosis	  and	  
(ii)	   following	   surgery	   the	   standard	   treatment	   is	   a	   doublet	   schedule	   with	   oxaliplatin	   and	  
5FU/folinic	   acid	   (LV)	   (FOLFOX4	   or	   FLOX)	   [I,	   A].	   When	   oxaliplatin	   is	   contraindicated	  
monotherapy	  with	  FU/LV,	  mostly	  with	   infusional	  schedules	   (DeGramont,	  AIO	  regimen),	  or	  
oral	  fluoropyrimidines	  (capecitabine)	  should	  be	  employed)	  [I,	  A].’’	  22	  
The	   absolute	   benefit	   in	   5-­‐year	   overall	   survival	   from	   adjuvant	   chemotherapy	   for	  
Stage	   III	   (C)	   colon	  cancer	   is	   approximately	  5%	   12.	  Hence	   there	  will	   be	  a	  group	  of	  patients	  
who	  will	  not	  benefit	   from	  adjuvant	   chemotherapy	  and	  will	   relapse	   regardless	  of	  whether	  
they	   receive	   adjuvant	   chemotherapy.	   On	   the	   other	   hand,	   they	  may	   be	   cured	   by	   surgery	  
alone	  and	  has	  no	  need	   for	   further	   treatment.	  Hopefully	   in	   the	   future,	  we	  will	   be	   able	   to	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identify	   specific	   prognostic	   and	   predictive	   markers	   to	   determine	   the	   specific	   group	   of	  
patients	  who	  require	  treatment	  and	  who	  will	  also	  respond	  well	  to	  the	  treatment.	  	  
	  
2.2	   Adjuvant	  Therapy	  for	  Rectal	  Cancer	  
	  
Background	  
Approximately	  80%	  of	  rectal	  cancers	  present	  with	  localized	  or	  locoregional	  disease	  and	  are	  
potentially	   curable.	   The	   foundation	   of	   curative	   treatment	   is	   still	   surgery	   and	   advances	   in	  
imaging	  such	  as	  PET-­‐CT	  and	  magnetic	   resonance	   imaging	   (MRI)	  have	  enabled	  surgeons	  to	  
better	  determine	  whether	  a	  curative	  resection	  can	  be	  performed.	  Despite	  this,	  more	  than	  
50%	  of	  patients	  who	  had	  a	  curative	  resection	  will	  have	  a	  local	  or	  distant	  relapse.	  	  
	  
Radiation	  Therapy	  (RT)	  
Post-­‐operative	   radiation	   therapy	   (RT)	  was	   initially	  utilized	  as	   adjuvant	   therapy	   to	  prevent	  
local	   pelvic	   recurrence.	   By	   reducing	   the	   tumor	   prior	   to	   radiotherapy,	   pre-­‐operative	  
radiotherapy	  appears	  to	  make	  surgery	  easier	  and	  increase	  the	  number	  of	  sphincter	  –	  saving	  
procedures	   but	   with	   no	   overall	   survival	   benefit.	   Both	   conventional	   long	   course	   (50.4	   Gy	  
administered	   in	   28	   fractions)	   and	   short	   course	   treatment	   (25	   Gy	   administered	   in	   5	  
fractions)	  have	  been	  shown	  to	  reduce	  local	  recurrence	  rates	  compared	  to	  surgery	  alone.	  
The	  Colorectal	  Cancer	  Collaborative	  Group	  performed	  a	  meta-­‐analysis	  of	  22	  pre-­‐	  and	  post-­‐
operative	   trials	   and	   concluded	   that	   although	   the	   5	   year	   overall	   survival	  was	   similar	   (45%	  
with	   RT	   versus	   42%	   without	   RT),	   there	   was	   a	   significant	   decrease	   in	   the	   rates	   of	   local	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recurrence	   (LR)	   with	   both	   pre-­‐and	   post-­‐operative	   RT	   (for	   pre-­‐operative	   RT	   versus	  
observation:	   LR	   rates	   12.5%	   versus	   22.2%;	   for	   post-­‐operative	   RT	   versus	   observation:	   LR	  
rates	  are	  16.9%	  versus	  23.8%)23	  A	  Cochrane	  review	  by	  Wong	  et	  al	  in	  2007	  further	  confirmed	  
that	  preoperative	  RT	  resulted	  in	  a	  reduction	  in	  local	  recurrence	  with	  a	  pooled	  hazard	  ratio	  
(HR)	  of	  0.71	  (95%	  CI	  0.64	  –	  0.78)	  but	  no	  effect	  on	  overall	  resectability	  or	  sphincter	  saving	  
procedures24.	  	  
Short	   course	   preoperative	   RT	  was	   introduced	   in	   the	   late	   1990s.	   The	   Swedish	   Rectal	   trial	  
showed	   improvement	   in	   5	   year	   overall	   survival	   (OS)	   (58%	   for	   RT	   group	   versus	   48%	   for	  
surgery	  only	  group;	  p=0.004)25;	  13	  year	  OS	   (38%	  for	  RT	  group	  versus	  30%	   in	  surgery	  only	  
group;	   p=0.008)	   as	   well	   as	   a	   decrease	   in	   LR	   rates	   (9%	   for	   the	   RT	   group	   versus	   26%	   for	  
surgery	  only	  group,	  p<0.001)26.	  It	  remains	  the	  only	  preoperative	  radiotherapy	  trial	  that	  has	  
shown	  an	  overall	  survival	  benefit.	  As	  such,	  short	  course	  RT	  continues	  to	  be	  widely	  used	  in	  
Europe.	  	  	  
	  
Adjuvant	  and	  Neoadjuvant	  chemoradiation	  
Given	   the	   lack	  of	   improvement	   in	  5	  year	  overall	   survival	   in	   the	   radiotherapy	  only	   trials,	  a	  
treatment	   strategy	   involving	   both	   local	   and	   systemic	   treatments	   is	   clearly	   needed.	   The	  
results	  of	  two	  randomized	  North	  American	  trials	  (the	  Gastrointestinal	  Tumor	  Study	  Group	  
Protocol	  7175	  27	  and	  the	  Mayo/North	  Central	  Cancer	  Treatment	  Group	  Protocol	  79-­‐47-­‐5128)	  
demonstrated	   an	   improvement	   in	   local	   control	   rates,	   disease-­‐free	   survival,	   and	   overall	  
survival	   when	   long-­‐course	   radiation	   was	   administered	   concurrently	   with	   5fluorouracil	  
(5FU)-­‐based	  chemotherapy	  after	  curative	  surgical	  resection	  for	  patients	  with	  stage	  II	  and	  III	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rectal	  cancer	  compared	  to	  postoperative	  radiotherapy	  alone.	  	  	  
The	   National	   Surgical	   Adjuvant	   Breast	   and	   Bowel	   Project	   R01	   trial	   then	   established	   that	  
adjuvant	   5FU	   chemotherapy	   after	   a	   curative	   rectal	   cancer	   resection	  was	   associated	  with	  
improved	  survival	  compared	  with	  surgery	  alone	  or	  surgery	  with	  postoperative	  radiation29.	  
The	   Gastrointestinal	   Intergroup	   864751	   study	   compared	   efficacy	   of	   bolus	   5FU	   versus	  
infusional	  5FU	  together	  with	  postoperative	  radiotherapy	  and	  confirmed	  that	  infusional	  5FU	  
arm	  resulted	  in	  improvement	  in	  4-­‐year	  disease	  free	  survival	  and	  overall	  survival30.	  After	  the	  
publication	   of	   these	   studies,	   it	   became	   standard	   of	   care	   for	   all	   patients	  with	   completely	  
resected	  stage	  II	  or	  III	  rectal	  cancer	  to	  be	  treated	  in	  the	  postoperative	  setting	  with	  6	  months	  
of	  postoperative	  5FU-­‐based	  chemotherapy	  with	  concurrent	  pelvic	  radiation	  during	  months	  
3	  and	  4	  for	  the	  best	  possible	  chance	  of	  achieving	  local	  control	  and	  overall	  survival.	  	  
Subsequently,	   the	   question	   of	   whether	   neoadjuvant	   treatment	   is	   more	   effective	   than	  
adjuvant	  treatment	  was	  addressed	  by	  the	  German	  Rectal	  Cancer	  Study	  Group	  trial,	  which	  
consisted	   of	   823	   patients	   randomized	   to	   pre-­‐operative	   chemoradiation	   or	   postoperative	  
chemoradiation.	  This	  pivotal	  phase	  III	  study	  showed	  that	  preoperative	  combined-­‐modality	  
therapy	   in	   patients	   with	   clinical	   stage	   T3,	   cT4	   or	   N+	   disease	   resulted	   in	   significantly	  
improved	  local	  control	  rates	  (6%	  versus	  13%;	  P	  =	  0.006),	  less	  acute	  short	  (27%	  versus	  40%;	  
P	   =	   0.01)	   and	   long-­‐term	   toxicities,	   and	   increased	   sphincter	   preservation	   rates	   compared	  
with	   postoperative	   combined-­‐modality	   therapy.	   However,	   there	   was	   no	   difference	   in	  
overall	  survival	  with	  overall	  survival	  rates	  being	  76%	  and	  74%	  31.	  	  
	  2	   other	   studies,	   NSABP	   R-­‐03	   and	   RTOG	   94-­‐01/INT0147,	   also	   attempted	   to	   evaluate	   the	  
benefits	  of	  pre-­‐operative	  chemo	  radiation	  versus	  postoperative	  chemo	  radiation	  but	  both	  
had	   to	   close	   prematurely	   in	   the	   1990s	   due	   to	   poor	   accrual.	   The	   intended	   sample	   size	   of	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NSABP	  R-­‐03	  was	  900	  patients.	  However,	  from	  1993	  till	  1999,	  only	  267	  patients	  with	  clinical	  
T3/T4	  or	  node-­‐positive	  rectal	  cancer	  were	  recruited	  and	  randomly	  assigned	  to	  preoperative	  
or	   postoperative	   chemo	   radiotherapy.	   	   Chemotherapy	   consisted	   of	   fluorouracil	   and	  
leucovorin	  and	  the	  radiotherapy	  schedule	  consisted	  of	  45Gy	   in	  25	   fractions	  with	  a	  5.4	  Gy	  
boost.	  The	  primary	  end	  points	  were	  disease-­‐free	  survival	  (DFS)	  and	  overall	  survival.	  With	  a	  
median	  time	  of	  follow	  up	  of	  8	  years,	  the	  5-­‐year	  DFS	  for	  preoperative	  patients	  was	  improved	  
with	   64.7%	   versus	   53.4%	   for	   postoperative	   patients	   (P	   =	   0.011)	   and	   the	   5-­‐year	   OS	   for	  
preoperative	   patients	  was	   74.5%	   versus	  65.6%	   for	   postoperative	   patients	   (P	   =	   0.065).	  Of	  
note,	  15%	  of	  preoperative	  patients	  had	  a	  complete	  pathologic	  response	  and	  none	  of	  these	  
patients	  has	  had	  a	  recurrence	  32.	  	  
The	   evidence	   from	   the	   above	   trials	   confirmed	   a	   decrease	   in	   local	   recurrence	   rates	   and	  
toxicities.	  This	  subsequently	  led	  to	  a	  change	  in	  practice	  and	  preoperative	  chemo	  radiation	  
followed	  by	  surgery	  and	  postoperative	  adjuvant	  chemotherapy	  became	  standard	  of	  care	  for	  
clinical	  T3/T4	  or	  node	  positive	  rectal	  cancer	  in	  the	  US.	  At	  the	  same	  time,	  many	  other	  trials	  
also	   provided	   us	   with	   further	   new	   insights	   into	   optimizing	   treatment	   for	   rectal	   cancer.	  
These	  include	  improved	  surgical	  technique	  such	  as	  Total	  Mesorectal	  Excision	  (TME)	  as	  the	  
preferred	   surgical	   technique	   33;	   at	   least	   12	   examined	   nodes	   to	   accurately	   determine	   the	  
nodal	  stage34	  ;	  the	  relationship	  of	  local	  failure	  to	  stage,	  location	  of	  the	  tumor	  in	  the	  rectum	  
and	   the	   presence	   of	   a	   positive	   circumferential	  margin35	   and	   the	   subsets	   of	   patients	  with	  
pT3N0	  of	  pT1-­‐2N1	  disease	  who	  may	  not	  benefit	  from	  postoperative	  radiation	  36.	  	  
	  
	  
	  
22	  	  
Role	  of	  Adjuvant	  chemotherapy	  after	  pre-­‐operative	  chemo	  radiation	  and	  surgery	  
	  The	  European	  Organisation	   for	  Research	  and	  Treatment	  of	  Cancer	   (EORTC)	  22921	   trial	   is	  
one	  of	  the	  few	  prospective	  randomized	  trials	  reported	  in	  more	  than	  two	  decades	  that	  did	  
not	  confirm	  a	  significant	  survival	  benefit	   for	  adjuvant	  5FU-­‐based	  chemotherapy	   for	  node-­‐
positive	   rectal	  cancers	   37.	  It	  was	  a	  2x2	   factorial	   study	  with	  4	   treatment	  arms	  consisting	  of	  
preoperative	  radiotherapy	  alone,	  preoperative	  chemo	  radiation,	  preoperative	  radiotherapy	  
with	  postoperative	  chemotherapy	  and	  preoperative	  chemo	  radiotherapy	  and	  postoperative	  
chemotherapy.	   The	   aim	  was	   to	   evaluate	   the	   benefit	   of	   adjuvant	   chemotherapy	   in	   rectal	  
cancers.	   The	   results	   showed	   that	   5-­‐year	   overall	   survival	   rates	   for	   those	   who	   had	  
preoperative	   chemotherapy	   and	   those	   with	   postoperative	   chemotherapy	   were	   similar.	  
However,	   the	   5-­‐year	   cumulative	   local	   recurrences	   rates	   were	   8.7%,	   9.6%,	   and	   7.6%	   for	  
those	  who	   received	   chemotherapy	   preoperatively,	   postoperatively,	   or	   both,	   respectively.	  
For	   those	  who	   did	   not	   receive	   chemotherapy,	   the	   local	   recurrence	   rate	  was	   significantly	  
higher	  at	  17.1%	  (P=0.002).	  Due	  to	  better	  tolerability,	  the	  rate	  of	  adherence	  to	  preoperative	  
chemotherapy	  was	   82.0%,	   as	   opposed	   to	   only	   42.9%	   in	   patients	   who	   had	   postoperative	  
chemotherapy.	   The	   study	   concluded	   that	   for	   patients	   with	   rectal	   cancer	   who	   receive	  
preoperative	   radiotherapy,	   adding	   5FU-­‐based	   chemotherapy	   either	   preoperatively	   or	  
postoperatively	  has	  no	  significant	  effect	  on	  survival	  but	  does	  confer	  a	  significant	  benefit	  by	  
reducing	  local	  recurrences.	  Hence,	  these	  results	  created	  doubt	  as	  to	  the	  value	  of	  adjuvant	  
chemotherapy	  in	  rectal	  cancers	  for	  GI	  oncologists.	  	  
Collette	   et	   al	   then	   performed	   a	   secondary	   analysis	   of	   the	   EORTC	   22921	   trial	   to	   evaluate	  
whether	  there	  is	  a	  subset	  of	  patients	  who	  may	  benefit	  from	  adjuvant	  postoperative	  bolus	  
5FU/leucovorin	  chemotherapy	  after	  preoperative	  combined-­‐modality	  therapy	  and	  surgery.	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The	  analysis	  included	  785	  (78%)	  of	  the	  1,011	  patients	  who	  underwent	  an	  R0	  resection	  and	  
had	  M0	  disease	  at	   surgery.	  Approximately	  74%	  of	  patients	  who	  were	  assigned	   to	   receive	  
postoperative	   chemotherapy	   received	   all	   four	   cycles	   of	   adjuvant	   chemotherapy.	   In	   brief,	  
the	  exploratory	  multivariate	  analysis	  revealed	  that	  adjuvant	  chemotherapy	  did	  significantly	  
improve	  overall	  survival	   in	  those	  patients	  whose	  tumors	  were	  down	  staged	  to	  ypT0-­‐2	  but	  
not	  in	  patients	  with	  stages	  ypT3-­‐4	  (p=0.011)	  38.	  This	  may	  aid	  in	  explaining	  why	  there	  was	  no	  
survival	   benefit	  with	   postoperative	   adjuvant	   chemotherapy	   in	   their	   earlier	   report	   for	   the	  
entire	   cohort	   of	   1,011	   patients.	   Patients	   who	   did	   not	   undergo	   down	   staging	   post	  
neoadjuvant	   treatment	   did	   not	   appear	   to	   benefit,	   suggesting	   that	   the	   same	   prognostic	  
factors	   may	   affect	   both	   tumor	   response	   to	   the	   primary	   treatment	   as	   well	   as	   long-­‐term	  
clinical	  benefit	  from	  further	  adjuvant	  chemotherapy.	  	  
However,	  most	  of	  the	  trials,	  including	  the	  EORTC	  22921	  study	  had	  not	  been	  designed	  with	  
the	  necessary	  stratification	  to	  answer	  this	  question.	  Hence,	  a	  Cochrane	  systematic	  review	  
was	  performed	  and	  published	  this	  year	  by	  Petersen	  et	  al	  in	  an	  attempt	  to	  evaluate	  the	  role	  
of	  postoperative	  chemotherapy	  in	  rectal	  cancer	  after	  curative	  surgical	  resection.	  	  The	  meta-­‐
analysis	   included	   a	   total	   of	   21	   eligible	   RCTs	   with	   4,854	   cases	   randomized	   to	   receive	  
potentially	  curative	  surgery	  of	  the	  primary	  tumour	  plus	  adjuvant	  chemotherapy	  and	  4,367	  
to	   receive	   surgery	   plus	   observation.	   11	   RCTs	   performed	   in	  Western	   countries	   and	   10	   in	  
Japan	  and	  all	  trials	  used	  fluoropyrimidine-­‐based	  chemotherapy.	  
The	  meta-­‐analysis	  of	  all	  21	  RCTs	  showed	  a	  significant	  reduction	   in	  the	  risk	  of	  death	  (17%)	  
among	  patients	  undergoing	  postoperative	  chemotherapy	  as	  compared	  to	  those	  undergoing	  
observation	  (HR=0.83,	  CI:	  0.76-­‐0.91,	  P=0.09)	  while	  the	  meta-­‐analysis	  of	  20	  of	  the	  21	  RCTs	  
showed	   a	   reduction	   in	   the	   risk	   of	   disease	   recurrence	   (25%)	   among	   patients	   undergoing	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adjuvant	  chemotherapy	  as	  compared	  to	  those	  undergoing	  observation	  (HR=0.75,	  CI:	  0.68-­‐
0.83,	  P=0.03).	  
The	  results,	  thus	  suggest	  potential	  benefits	  of	  the	  use	  of	  5-­‐FU	  based	  postoperative	  adjuvant	  
chemotherapy	   for	   patients	   undergoing	   curative	   surgery	   for	   non-­‐metastatic	   rectal	  
carcinoma.	   However,	   it	   is	   not	   clear	   if	   it	  might	   benefit	   a	   particular	   TNM	   stage	  more	   or	   if	  
postoperative	   chemotherapy	   is	   required	   in	   patients	   who	   had	   neoadjuvant	   treatment	  
already.	   The	   use	   of	   the	   newer	   chemotherapeutic	   agents	   available	   for	   colorectal	   cancer	  
might	  also	  further	  improve	  results	  and	  such	  trials	  are	  ongoing.	  
The	  Guidelines	  –	  The	  United	  States	  versus	  Europe	  
The	   questions	   raised	   by	   the	   above	   trials	   led	   to	   different	   set	   of	   guidelines	   in	   the	   United	  
States	   and	   in	   Europe.	   In	   the	  United	   States,	   the	  National	   Comprehensive	   Cancer	  Network	  
guidelines	  for	  clinical	  T3N0,	  T4N0	  (cT3N0,	  T4N0)	  or	  any	  node	  positive	  rectal	  cancer	  patients	  
recommended	   preoperative	   5FU-­‐based	   chemo	   radiation	   followed	   by	   further	   adjuvant	  
chemotherapy	   post	   curative	   resection,	   making	   it	   a	   total	   of	   6	   months	   perioperative	  
treatment.	  
The	   latest	   available	   European	   Society	   of	  Medical	   Oncology	   guidelines	   published	   in	   2010,	  
adopted	   a	   different	   approach,	   recommending	   “risk-­‐adapted	   treatment”.	   	   Rectal	   cancers	  
were	   divided	   into	   four	   groups:	   very	   early	   (some	   cT1),	   early	   (cT1–2,	   some	   cT3),	   more	  
advanced	  (cT3,	  some	  cT4)	  and	  locally	  advanced	  (cT4).	  Early,	  favorable	  cases	  defined	  as	  cT1–
2,	  some	  early	  cT3	  with	  clear	  circumferential	  margins	  on	  MRI	  and	  N0,	  were	  recommended	  
surgery	  alone	  using	  the	  TME	  technique	  due	  to	  the	  low	  risk	  of	  local	  failure.	  For	  more	  locally	  
advanced	  cases,	  including	  most	  cT3,	  some	  cT4	  (e.g.	  vaginal	  or	  peritoneal	  involvement	  only)	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or	   N+	   (node	   positive),	   preoperative	   short	   course	   radiotherapy	   consisting	   of	   25	   Gy,	   5	  
Gy/fraction	   for	   1	  week	   followed	  by	   immediate	   surgery	   (<10	  days	   from	   the	   first	   radiation	  
fraction)	  is	  recommended	  as	  it	  reduces	  local	  recurrences	  rates	  and	  is	  “a	  convenient,	  simple	  
and	   low-­‐toxic	   treatment	   [Level	  of	  evidence:	   I,	  A].”	  The	  ESMO	  guidelines	   recommend	  pre-­‐
operative	  treatment	  but	  in	  contrast	  to	  the	  NCCN	  guidelines,	  consider	  pre-­‐operative	  chemo	  
radiation	  more	   toxic	  and	  not	  more	  effective	   than	  radiotherapy	  alone	   (Level	   II,	   category	  A	  
evidence.	   However,	   the	   ESMO	   guidelines	   do	   recommend	   preoperative	   chemo	   radiation,	  
consisting	  of	  50.4	  Gray	  (Gy),	  1.8	  Gy/fraction	  with	  concomitant	  5FU-­‐based	  therapy	  followed	  
by	  radical	  surgery	  6–8	  weeks	  later	  for	  the	  most	  locally	  advanced,	  frequently	  non-­‐resectable	  
cases	  such	  as	  those	  with	  cT3	  with	  positive	  circumferential	  margins	  or	  cT4	  with	  invasion	  into	  
nearby	  organs.	  	  
Clearly,	   at	   present,	   both	   long	   course	   and	   short	   course	   pre-­‐operative	   radiotherapy	   are	  
accepted	  standards	  of	  care.	  Studies	  attempting	  to	  show	  that	  one	  are	  more	  effective	  than	  
the	  other	  has	  failed	  to	  do	  so.	  One	  such	  study	  was	  the	  recently	  published	  Australian/	  New	  
Zealand	  Intergroup	  study	  (TROG/AGITG/CSSANZ/RACS).	  	  The	  study	  compared	  pre-­‐operative	  
short	  course	  radiotherapy	  to	  pre-­‐operative	  long	  course	  chemo	  radiation	  and	  concluded	  that	  
there	   was	   no	   difference	   in	   overall	   survival	   rates.	   In	   addition,	   although	   there	   was	   a	  
difference	  in	  the	  3-­‐year	  local	  recurrence	  rates	  (7.5%	  (short	  course)	  and	  4.4%	  (long	  course),	  
it	  was	  not	  statistically	  significant	  (95%	  CI	  2.0	  to	  8.3;	  p	  =	  0.24).	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Table	  1:	   A	  review	  of	  adjuvant	  therapy	  of	  Stage	  III	  (C)	  rectal	  cancers	  
	  
Radiotherapy	  versus	  Surgery	  Only	  
Study	   Aims	  and	  Design	  	   Results	  
Swedish	  Rectal	  
Cancer	  Trial	  25	  
To	  evaluate	  the	  role	  of	  preoperative	  
radiotherapy	  in	  resectable	  rectal	  
cancer	  (Dukes’	  A	  –	  C).	  Between	  March	  
1987	  and	  February	  1990,	  1168	  
patients	  younger	  than	  80	  years	  of	  age	  
who	  had	  resectable	  rectal	  cancer	  
were	  randomized	  to	  undergo	  
preoperative	  irradiation	  (25	  Gy	  
delivered	  in	  five	  fractions	  in	  one	  
week)	  followed	  by	  surgery	  with-­‐	  in	  
one	  week	  or	  to	  have	  surgery	  alone.	  
507	  of	  1168	  patients	  enrolled	  had	  
Duke’s	  C	  rectal	  cancer.	  
	  
5	  year	  overall	  survival	  for	  
Duke’s	  C	  rectal	  cancer	  
patient	  who	  had	  surgery	  and	  
radiotherapy	  is	  
approximately	  70%	  while	  
those	  who	  had	  surgery	  only	  
was	  50%.	  (p=0.004)	  
Colorectal	  
Collaborative	  
Group	  23	  
A	  collaborative	  meta-­‐	  analysis	  of	  8507	  
patients	  from	  22	  randomised	  trials	  to	  
compare	  outcomes	  of	  patients	  who	  
had	  surgery	  for	  rectal	  cancer	  
combined	  with	  preoperative	  or	  
postoperative	  radiotherapy	  with	  
those	  who	  had	  surgery	  alone.	  Most	  of	  
the	  trials	  were,	  however	  published	  in	  
the	  period	  1963	  –	  1984,	  during	  which	  
TME	  was	  not	  part	  of	  routine	  practice.	  
	  
5	  year	  overall	  survival	  for	  
rectal	  cancer	  patients	  in	  the	  
radiotherapy	  and	  surgery	  
group	  is	  45%	  and	  42.1%	  for	  
surgery	  only	  group.	  (2p	  =	  
0.06)	  
Dutch	  Colorectal	  
Group	  39	  
Between	  Jan	  1996	  and	  Dec	  1999,	  
1861	  patients	  with	  resectable	  rectal	  
cancer	  were	  randomized	  between	  
TME	  preceded	  by	  radiotherapy	  or	  
TME	  alone.	  No	  chemotherapy	  was	  
allowed.	  Only	  299	  (34%)	  patients	  had	  
Stage	  III	  disease	  treated	  with	  TME	  and	  
RT	  while	  325	  (36%)	  had	  Stage	  III	  rectal	  
cancer	  treated	  with	  TME	  alone.	  	  
	  
	  
With	  median	  follow	  up	  of	  6.1	  
years,	  overall	  survival	  at	  5	  
years	  was	  64.2%	  and	  63.5%,	  
respectively	  (p=0.902).	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Concurrent	  chemo	  radiation	  vs.	  radiotherapy	  alone	  
Cochrane	  review	  
200940	  	  
A	  systematic	  review	  to	  evaluate	  
benefits	  of	  preoperative	  chemo	  
radiation	  versus	  pre-­‐operative	  
radiation	  alone	  for	  stage	  II	  and	  III	  
resectable	  rectal	  cancer;	  4	  
randomised	  trials	  were	  found	  to	  be	  
eligible	  to	  form	  a	  review	  but	  only	  3	  
(Bosset	  2006;	  Boulis-­‐Wassif	  1984;	  
Gerard	  2006)	  had	  5	  year	  overall	  
survival	  data.	  In	  addition,	  TME	  was	  
routine	  practice	  in	  only	  2	  (Bosset	  
2006;	  Gerard	  2006)	  of	  the	  3	  studies.	  
	  
5	  year	  overall	  survival	  in	  the	  
chemo	  radiotherapy	  group	  
was	  63.9%	  (644	  of	  1007	  
patients)	  compared	  to	  65.2%	  
(647	  of	  993	  patients)	  in	  the	  
radiotherapy	  group.	  This	  
difference,	  however	  did	  not	  
reach	  statistical	  significance	  
(p=	  0.58)	  
Fiorica	  et	  al41	   A	  meta-­‐analysis	  of	  the	  literature	  
data	  to	  determine	  whether	  
concurrent	  chemotherapy	  and	  
radiotherapy	  can	  improve	  survival	  of	  
patients	  with	  resectable	  rectal	  
cancer.	  13	  randomised	  controlled	  
trials,	  7	  of	  preoperative	  CRT	  vs.	  
preoperative	  RT	  (2787	  patients),	  
four	  of	  postoperative	  CRT	  vs.	  
postoperative	  RT	  (726	  patients)	  and	  
two	  of	  postoperative	  CRT	  vs.	  
preoperative	  RT	  (1400	  patients),	  
were	  analyzed.	  
Preoperative	  CRT	  compared	  to	  
preoperative	  RT	  alone	  reduces	  
the	  5-­‐year	  local	  recurrence	  
rate	  (RR	  1.05;	  95%CI	  1.01–
1.10)	  but	  no	  improvement	  in	  
5-­‐year	  overall	  survival	  rate	  (RR	  
0.94;	  95%CI	  0.94–1.09).	  A	  
significant	  reduction	  in	  local	  
recurrences	  was	  found	  when	  
preoperative	  RT	  was	  compared	  
to	  postoperative	  CRT	  (RR	  0.93;	  
95%CI	  0.90–0.96),	  though	  no	  
difference	  was	  found	  in	  overall	  
survival.	  	  
MRC	  CR07	  and	  
NCIC-­‐CTG	  C01642	  
A	  trial	  of	  1350	  patients	  with	  
operable	  adenocarcinoma	  of	  the	  
rectum	  where	  patients	  were	  
randomly	  assigned	  to	  short-­‐course	  
preoperative	  radiotherapy	  (25	  Gy	  in	  
five	  fractions;	  n=674)	  or	  to	  initial	  
surgery	  with	  selective	  postoperative	  
chemo	  radiotherapy	  (45	  Gy	  in	  25	  
fractions	  with	  concurrent	  5-­‐
fluorouracil)	  restricted	  to	  patients	  
with	  involvement	  of	  the	  
circumferential	  resection	  margin	  
(n=676).	  	  
With	  median	  follow-­‐up	  of	  4	  
years,	  there	  was	  an	  absolute	  
difference	  in	  local	  recurrence	  
rates	  at	  3	  years	  of	  6·∙2%	  (95%	  
CI	  5·∙3–7·∙1)	  (4·∙4%	  preoperative	  
radiotherapy	  vs	  10·∙6%	  
selective	  postoperative	  chemo	  
radiotherapy).	  There	  is	  also	  an	  
absolute	  3	  year	  DFS	  difference	  
of	  6·∙0%	  (95%	  CI	  5·∙3–6·∙8)	  
(77·∙5%	  vs	  71·∙5%)	  in	  favor	  of	  
preoperative	  RT	  but	  no	  
difference	  in	  overall	  survival.	  
Australian	  and	  
New	  Zealand	  
Intergroup	  trial	  
(TROG/	  
A	  randomized	  trial	  of	  326	  patients	  
with	  T3NxM0	  rectal	  cancer	  were	  
accrued	  from	  2001-­‐06.	  163	  patients	  
were	  randomly	  assigned	  to	  short	  
The	  median	  follow-­‐up	  time	  
was	  5.9	  years.	  The	  3-­‐year	  local	  
recurrence	  rates	  were	  7.5%	  
(SC)	  and	  4.4%	  (LC);	  95%	  CI	  2.0	  -­‐	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course	  (SC)	  and	  163	  to	  long	  course	  
(LC)	  RT.	  92.5%	  were	  staged	  by	  MRI	  
or	  endorectal	  ultrasound.	  SC	  
consisted	  of	  pelvic	  RT	  25	  Gy	  in	  5	  
fractions,	  followed	  by	  surgery	  1-­‐
week	  later,	  and	  6	  monthly	  cycles	  
adjuvant	  chemotherapy.	  LC	  
consisted	  of	  pelvic	  RT	  50.4	  Gy	  in	  5.5	  
weeks	  and	  continuous	  infusion	  5-­‐FU	  
225mg/m2/day	  during	  RT,	  followed	  
by	  surgery	  in	  4	  to	  6	  weeks,	  and	  4	  
cycles	  of	  adjuvant	  chemotherapy.	  	  
	  
8.3	  (p	  =	  0.24).	  However,	  there	  
were	  no	  differences	  in	  5-­‐year	  
distant	  recurrence	  rates	  (72%	  
SC,	  69%	  LC;	  p	  =	  0.85;	  HR	  (SC:	  
LC)	  =	  0.96,	  95%	  CI	  0.64	  to	  1.45)	  
and	  the	  5-­‐year	  overall	  survival	  
rates	  (74%	  SC	  and	  70%	  LC;	  p	  =	  
0.56;	  HR	  (SC:	  LC)	  =	  0.89,	  95%	  CI	  
0.60	  to	  1.32).	  	  
FFCD	  920344	   A	  randomized	  trial	  of	  733	  patients	  
with	  resectable	  T3-­‐4NxM0	  rectal	  
adenocarcinoma,	  comparing	  
preoperative	  radiotherapy	  alone	  (45	  
Gy	  in	  25	  fractions	  during	  5	  weeks)	  
versus	  pre-­‐operative	  concurrent	  
chemo-­‐radiotherapy	  (chemotherapy	  
with	  5FU	  and	  leucovorin	  was	  
administered	  during	  the	  first	  and	  
fifth	  week	  of	  radiotherapy).	  Surgery	  
was	  planned	  3	  -­‐	  10	  weeks	  post	  
treatment	  and	  all	  receive	  adjuvant	  
chemotherapy.	  The	  primary	  end	  
point	  of	  the	  trial	  was	  overall	  survival.	  
The	  5-­‐year	  incidence	  of	  local	  
recurrence	  was	  lower	  with	  
chemoradiotherapy	  (8.1%	  v	  
16.5%;	  P	  =	  0.05)	  but	  overall	  5-­‐
year	  survival	  in	  the	  two	  groups	  
did	  not	  differ.	  There	  was	  also	  
no	  difference	  in	  sphincter	  
preservation	  rates	  but	  R0	  
resections	  achieved	  more	  
frequently	  with	  
chemoradiotherapy	  (11.4%	  v	  
3.6%;	  P	  =	  0.05).	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Pre-­‐operative	  vs.	  Post-­‐operative	  Treatment	  
NSABP	  R-­‐03	  32	   From	  1993	  to	  1999,	  patients	  with	  
clinical	  T3	  or	  T4	  or	  node-­‐positive	  
(Stage	  II	  or	  III)	  rectal	  cancer	  were	  
randomized	  to	  preoperative	  or	  
postoperative	  chemoradiotherapy.	  
33.3%	  of	  123	  patients	  receiving	  
preoperative	  chemoradiotherapy	  
had	  node-­‐positive	  disease	  whereas	  
47.5%	  of	  131	  patients	  who	  had	  
postoperative	  chemoradiotherapy	  
were	  node-­‐positive.	  
	  
With	  median	  follow	  up	  of	  8.4	  
years,	  the	  5-­‐year	  overall	  
survival	  for	  preoperative	  
patients	  was	  74.5%	  v	  65.6%	  for	  
postoperative	  patients.	  (p	  =	  
0.065)	  
German	  Rectal	  
Cancer	  Study	  
Group31	  
Patients	  with	  clinical	  stage	  T3,	  T4	  or	  
node-­‐positive	  disease	  were	  
randomly	  assigned	  patients	  to	  
receive	  preoperative	  (n=121)	  or	  
postoperative	  chemoradiotherapy	  
(n=402).	  The	  preoperative	  treatment	  
consisted	  of	  5040	  cGy	  delivered	  over	  
5.5	  weeks	  and	  fluorouracil,	  given	  in	  
a	  120-­‐hour	  continuous	  infusion	  at	  a	  
dose	  of	  1000	  mg	  per	  square	  meter	  
of	  body-­‐surface	  area	  per	  day	  during	  
the	  1st	  and	  5th	  weeks	  of	  
radiotherapy.	  After	  6	  weeks,	  surgery	  
was	  performed	  followed	  by	  adjuvant	  
chemotherapy.	  
The	  overall	  five-­‐year	  survival	  
rates	  were	  similar;	  76%	  and	  
74%,	  respectively	  (P=0.80).	  
The	  five-­‐year	  cumulative	  
incidence	  of	  local	  relapse	  was	  
6%	  for	  patients	  who	  had	  
preoperative	  
chemoradiotherapy	  (P	  =	  0.006)	  
and	  13%	  in	  the	  postoperative-­‐
treatment	  group	  (P=0.01).	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3.1	   Introduction	  
Over	   the	   last	   decade,	  with	   rapidly	   advancing	  biotechnology,	   the	  understanding	  of	   cancer	  
and	   its	   biology	   has	   changed.	   The	   genomic	   era	   has	   resulted	   in	   an	   explosion	   of	   targeted	  
therapies	   and	   prognostic	   and	   predictive	   biomarkers.	   This	   review	   aims	   to	   illustrate	   the	  
advances	  made	  in	  the	  practice	  of	  oncology	  through	  examples	  in	  colorectal,	  gastrointestinal	  
stromal	   tumours,	   breast,	   and	   lung	   cancers	   and	   highlight	   the	   potential	   and	   limitations	   of	  
personalized	  medicine	  in	  colorectal	  cancer.	  
Personalized	  medicine	   involves	   using	   drugs	   highly	   specific	   to	   the	   cancer	  with	   the	   aim	   of	  
maximising	  efficacy	  and	  tolerability	  while	  minimising	  toxicities	  to	  the	  patient	  Conventional	  
cytotoxic	   agents	  act	  on	   cancer	   cells	   and	  normal	   cells,	   particularly	   those	  with	  high	  mitotic	  
rates,	   resulting	   in	   significant	   systemic	   toxicities.	   Therefore,	   the	   practice	   of	   oncology	   is	  
fraught	   with	   inefficiencies	   with	   many	   patients	   not	   benefiting	   from	   treatments	   and	   yet	  
exposed	   to	   the	   costs	   and	   toxicities	   of	   ineffective	   therapies.	   Personalisation	   of	   treatment	  
will	   provide	   more	   precise	   diagnoses	   and	   effective	   treatments	   while	   avoiding	   serious	  
adverse	  side	  effects.	  
Selection	   of	   patients	   for	   cancer	   treatment	   has	   been	   largely	   based	   on	   traditional	   clinico-­‐
pathological	   indicators	   including	   clinical	   stage,	   histology	   and	   performance	   status.	   This	   is	  
rapidly	   changing	   with	   advances	   in	   molecular	   biology	   and	   pharmacogenomics.	   There	   is	   a	  
plethora	  of	  new	  predictive	  molecular	  markers	  and	  gene	  signatures,	  some	  of	  which	  appear	  
to	   provide	   improved	   predictive	   and	   prognostic	   information	   compared	   to	   traditional	  
methods.	  However,	   translation	  of	   these	  new	   techniques	   into	   routine	   clinical	   practice	   has	  
been	  slow	  due	   to	   the	   reasons	   that	  will	  be	  highlighted	   in	   this	   review.	  For	  many,	   the	  main	  
problem	   has	   been	   the	   lack	   of	   robust	   and	   adequately	   powered	   prospective	   clinical	   trials	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assessing	   marker	   utility,	   but	   also	   poor	   reproducibility	   and	   reliability	   between	   published	  
studies	  1,	  2.	  
The	  understanding	  of	  cancer	  genomics	  has	  confirmed	  the	  heterogeneity	  of	  cancers	  and	  led	  
to	   the	   development	   of	   more	   specific,	   molecularly-­‐targeted	   therapies.	   Such	   therapies	   in	  
cancer	   cells	   should	   minimize	   untoward	   effects	   on	   normal	   cells.	   Successful	   examples	   of	  
molecular	   targeted	   drugs	   in	   oncology	   include	   imatinib,	   trastuzumab,	   cetuximab	   and	  
erlotinib.	  As	  biotechnology	  improves,	  the	  numbers	  of	  molecular	  targeted	  investigations	  and	  
treatments	   should	   rapidly	   increase	   and	   deliver	   an	   era	   of	   truly	   personalized	   medicine.	  
Colorectal	   and	   breast	   cancer	   are	   amongst	   the	   top	   3	   cancers	   of	   many	   of	   the	   developed	  
countries	  and	  in	  this	  review,	  we	  highlight	  some	  significant	  advances	  made	  in	  the	  attempt	  to	  
personalise	  treatment	  over	  the	   last	  decade.	   In	  addition,	  we	  have	  attempted	  to	   identify	   in	  
general,	   the	   data	   gaps	   and	   practical	   issues	   that	   have	   contributed	   to	   the	   slower	   than	  
expected	   incorporation	   of	   these	   new	   discoveries	   and	   technologies	   into	   routine	   clinical	  
practice	   using	   different	   tumour	   types	   as	   examples.	   Following	   this	   introduction	   is	   an	   in-­‐
depth	   review	   of	   predictive	   and	   prognostic	   markers	   in	   colorectal	   cancer	   and	   an	   original	  
research	  paper	  on	   the	   role	  of	   s100A4	  as	   a	  potential	   prognostic	  biomarker	   in	   Stage	   III	   (C)	  
colorectal	  cancer.	  
	  
3.2	   Current	  Clinical	  Examples	  of	  Personalised	  Medicine	  in	  Oncology	  	  
Breast	  Cancer	  
Breast	  cancer	  is	  the	  most	  common	  cause	  of	  cancer	  death	  in	  women	  worldwide.	  Increased	  
understanding	  of	  molecular	  biology	  has	   led	   to	  advances	   in	   individualization	  of	   treatment.	  
Genomic	  profiling	  has	  recently	  established	  the	  molecular	  subtypes	  such	  as	  luminal	  A	  and	  B,	  
Human	  Epidermal	  Receptor	  2-­‐positive,	  basal-­‐like	  and	  triple	  negative	  disease,	  illustrating	  the	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biological	  and	  clinical	  heterogeneity	  of	  breast	  cancer	  3-­‐5.	  	  Tailoring	  treatment	  appropriately	  
to	   these	  newly	  defined	  molecular	   subtypes	   remain	  a	  major	   challenge	  as	  we	  only	   start	   to	  
understand	  the	  clinical	  features	  and	  prognosis	  associated	  with	  these	  disease	  subclasses.	  	  	  
	  
Targeted	  Therapy	  	  
Human	  Epidermal	  Receptor	  2	   (Her-­‐2)	   is	   a	  member	  of	   the	  EGFR	   family	  of	   transmembrane	  
tyrosine	  kinases	  and	   is	   involved	   in	  the	  regulation	  of	  cell	  proliferation.	  Approximately	  15	  –	  
20%	  of	  breast	  cancers	  over-­‐express	  Her-­‐2.	  Her-­‐2	  differs	  from	  EGFR	  as	  it	  is	  located	  on	  band	  
q21	   of	   chromosome	   17	   as	   opposed	   to	   EGFR	   gene,	   which	   sits	   on	   band	   p11	   –	   13	   of	  
chromosome	   7.	   Amplification	   or	   over-­‐expression	   of	   Her-­‐2	   is	   associated	   with	   increased	  
invasive	   and	   metastatic	   capability,	   enhanced	   growth,	   proliferation	   and	   angiogenesis,	  
thereby	   creating	   a	  more	   aggressive	   disease	  phenotype,	  which	   is	   associated	  with	   a	  worse	  
prognosis.	  6-­‐8	  .	  
	  
The	   development	   of	   trastuzumab,	   a	   humanised	   monoclonal	   antibody	   against	   the	  
extracellular	   domain	   of	   Her-­‐2	   has	   revolutionised	   the	   landscape	   of	   early	   and	   advanced	  
breast	  cancer	  treatment.	  In	  early	  breast	  cancer,	  treating	  women	  with	  Her-­‐2	  over-­‐expressing	  
breast	  cancers	  with	  adjuvant	  trastuzumb	  in	  combination	  with	  chemotherapy	   is	  associated	  
with	   a	   one-­‐third	   reduction	   in	   risk	   of	   death	   and	   an	   absolute	   12%	   improvement	   in	   3	   year	  
disease	   free	  survival	   9,	  10.	  These	   results	  with	  adjuvant	   therapy	   in	  early	  breast	   cancer	  have	  
been	  previously	  unprecedented	  and	  herald	  a	  new	  era	  of	  targeted	  therapies	  in	  this	  disease.	  
In	   Her-­‐2	   over-­‐expressing	   metastatic	   breast	   cancers,	   the	   addition	   of	   trastuzumab	   to	  
chemotherapy	  also	  improved	  median	  time	  to	  progression	  (7.4	  vs.	  4.6	  months;	  p<0.001)	  and	  
overall	   survival	   (25.1	   vs.	   20.3	   months,	   p=0.046)	   11.	   As	   a	   result,	   Her-­‐2	   testing	   via	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immunohistochemistry	  or	  FISH/CISH	  (fluorescent	  in-­‐situ	  hybridization/	  chromogenic	  in-­‐situ	  
hybridization)	   is	   now	   part	   of	   routine	   histopathological	   reporting	   for	   all	   breast	   cancer	  
diagnoses.	  Nevertheless,	  a	  large	  proportion	  of	  patients	  with	  Her2	  positive	  breast	  cancer	  are	  
cured	  with	  a	  combination	  of	  surgery,	  chemotherapy	  and	  endocrine	  therapy	  without	  the	  use	  
of	  trastuzumab.	  Similarly,	  there	  is	  also	  a	  subset	  of	  Her-­‐2	  positive	  patients	  who	  are	  resistant	  
to	   trastuzumab	   and	   need	   alternative	   therapies.	   Given	   both	   the	   financial	   cost	   of	  
trastuzumab	   (approximately	   30	   000	   euro	   or	   A$45000	   per	   patient/	   year)	   and	   toxicities	   of	  
treatment	   to	   the	   patient,	   the	   present	   challenge	   lies	   in	   identifying	   predictive	   biomarkers	  
which	  may	  further	  elucidate	  the	  subset	  of	  Her-­‐2	  positive	  breast	  cancer	  patients	  who	  truly	  
benefit	   from	   trastuzumab,	   thereby	   avoiding	   unnecessary	   treatment	   related	   toxicities	   and	  
maximising	  benefit	  in	  times	  of	  limitation	  of	  health	  resources.	  	  
	  
Role	  of	  Pharmacogenetics	  	  
The	  efficacy	  and	  tolerability	  of	  an	  anti-­‐cancer	  drug	  is	  dependent	  on	  numerous	  tumour	  and	  
patient	  factors,	   including	  genomics	  and	  heritable	  genetic	  factors	  which	  cause	  variability	   in	  
drug	  metabolism.	  The	  relative	  importance	  of	  genetic	  versus	  environmental	  factors	  such	  as	  
intercurrent	   illness,	   nutritional	   status	   and	   intake	   of	   concomitant	   proprietary	   and/or	  
complementary	  medicines	  has	  yet	  to	  be	  established.	  Recent	  advances	  in	  pharmacogenetics	  
have	  assisted	  in	  our	  understanding	  of	  mechanisms	  which	  impact	  on	  response	  and	  toxicity,	  
principally	   by	   altering	   drug	   metabolism	   and	   action.	   Tamoxifen,	   a	   non-­‐steroidal	   anti-­‐
oestrogen,	  is	  used	  in	  treating	  oestrogen	  receptor	  (ER)	  –	  positive	  early	  and	  metastatic	  breast	  
cancer,	  ductal	  carcinoma	  in	  situ,	  and	  as	  primary	  chemoprevention	  in	  high-­‐risk	  women.	  It	  is	  a	  
form	   of	   “targeted	   therapy”	   but	   following	   standard	   dosing,	   significant	   inter-­‐individual	  
variation	   in	   steady-­‐state	   levels	   of	   tamoxifen	   and	   its	  metabolites	   have	   been	   observed.	   In	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most	  patients	  with	  ER-­‐positive	  metastatic	  breast	  cancer	  and	  a	  proportion	  of	  women	  with	  
early	   breast	   cancer	   receiving	   tamoxifen,	   relapse	   occurs	   suggesting	   that	   not	   all	   women	  
derive	  similar	  benefits	  from	  this	  agent.	  
CYP2D6	  is	  one	  of	  the	  key	  enzymes	  responsible	  for	  the	  metabolism	  of	  tamoxifen	  to	  its	  active	  
metabolites	   including	  endoxifen.	   	  A	   recent	   review	   showed	   conflicting	   results	   in	   regard	   to	  
the	   association	   of	   allelic	   variants	   of	   CYP2D6	   and	   breast	   cancer	   recurrence	   after	   use	   of	  
tamoxifen	   12.	   Two	   separate	   retrospective	   studies	   13,	   14	   concluded	   that	   women	   with	   no	  
functional	   CYP2D6	   allele	   had	   the	   highest	   risk	   of	   recurrence	   while	   women	  with	   two	   fully	  
functional	  alleles	  had	  the	   lowest	  risk.	   	  There	   is	  currently	  a	  Food	  and	  Drug	  Administration-­‐
approved	  microarray-­‐based	  pharmacogenetic	  CYP2D6	   test	   (AmpliChip	  CYP450	  Test)	  which	  
detects	  27	  CYP2D6	  variants	  15.	  	  Nevertheless,	  there	  are	  no	  established	  treatment	  algorithm	  
or	   consensus	   guidelines	   for	   the	   use	   of	   such	   genotyping	   for	   ER-­‐positive	   breast	   cancer	  
patients.	  Reasons	  for	  this	  include	  uncertainty	  with	  current	  available	  evidence	  regarding	  the	  
management	   of	   intermediate	   or	   poor	   CYP2D6	  metabolisers	   and	   whether	   these	   patients	  
should	   avoid	   tamoxifen	   completely	   or	   start	   at	   higher	   doses.	   This	   example,	   once	   again	  
highlights	   the	   need	   for	   alternative	   options	   to	   be	   available	   for	   patients	   with	   unfavorable	  
genotypes,	   otherwise	   these	   tests	   are	   not	   useful	   for	   decision-­‐making.	   In	   the	   meantime,	  
oncologists	   should	   advice	   patients	   on	   tamoxifen	   to	   avoid	   taking	   medications	   known	   to	  
inhibit	  CYP2D6	  16.	  
	  
Predictive	  and	  Prognostic	  Markers	  
Currently	  decisions	  to	  recommend	  adjuvant	  therapy	  in	  early	  breast	  cancer	  are	  made	  based	  
on	   established	   clinico-­‐pathological	   factors	   dictating	   recurrence	   risk.	   Adjuvant	   treatment	  
would	   routinely	   include	   hormonal	   therapy	   alone,	   the	   combination	   of	   chemotherapy	   and	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hormonal	  therapy,	  or	  observation	  alone.	  There	  is	  no	  specific	  biomarker	  available	  to	  predict	  
effectiveness	  or	  benefit	  of	  chemotherapy.	  	  Advances	  in	  scientific	  technology	  have	  resulted	  
in	  the	  development	  of	  Oncotype	  Dx	  –	  a	  21-­‐gene	  recurrence	  score	  assay	  used	  to	  quantify	  the	  
risk	  of	  distant	   relapse	  and	  predict	   the	  magnitude	  of	   chemotherapy	  benefit	   in	  a	   subset	  of	  
breast	   cancer	  patients	   17,	  18.	  Most	  women	  are	  willing	   to	  undergo	  chemotherapy	   for	  a	   low	  
likelihood	  of	   benefit	   19.	   The	  21-­‐gene	   recurrence	   score	   assay	   is	  most	  beneficial	   to	  women	  
who	   would	   require	   chemotherapy	   by	   standard	   guidelines,	   but	   who	   are	   subsequently	  
reclassified	  as	  low	  risk	  using	  this	  test.	  These	  patients	  may	  then	  opt	  to	  forego	  chemotherapy	  
and	   are	   therefore	   spared	   the	   morbidities	   of	   adjuvant	   chemotherapy	   including	   nausea,	  
vomiting,	  alopecia	  and	  accelerated	  menopause.	  Women	  re-­‐classified	  as	  high	  risk	  would	  also	  
more	   likely	  undergo	   chemotherapy	   thereby	   reducing	   their	   risk	  of	   recurrence.	   It	  has	  been	  
shown	  that	  the	  use	  of	  the	  21-­‐gene	  recurrence	  score	  assay	  is	  a	  more	  accurate	  predictor	  of	  
risk	   of	   relapse	   than	   standard	   clinical	   features	   20	   and	   may	   potentially	   reduce	   the	   use	   of	  
adjuvant	  chemotherapy	  by	  17	  –	  21%	  21.	  This	  translates	  into	  significant	  savings	  22-­‐24	  in	  spite	  
of	  the	  current	  costs	  of	  the	  test.	  	  	  
Another	   prognostic	   tool	   being	   prospectively	   evaluated	   as	   a	   dichotomous	   risk	   classifier	   in	  
node-­‐negative,	  early	  breast	  cancer	  patients	   is	   the	  70-­‐gene	  signature,	  Mammaprint	  25.	  The	  
MINDACT	  trial	  will	  prospectively	  evaluate	  the	  value	  of	  microarray-­‐based	  Mammaprint	  as	  a	  
prognostic	   and	   predictive	   gene	   signature.	   Based	   on	   the	   patients’	   risk	   of	   relapse	   through	  
clinicopathological	   features	   and	   Mammaprint,	   patients	   are	   randomised	   to	   endocrine	  
therapy	  if	  low-­‐risk	  (<10%)	  or	  adjuvant	  chemotherapy	  if	  high-­‐risk	  (>55%).	  Approximately	  35%	  
of	   patients	   will	   have	   discordant	   results	   and	   randomised	   to	   either	   genomic	   results	   or	  
according	  to	  traditional	  clinicopathological	  features.	  	  It	  is	  expected	  that	  10-­‐20%	  of	  women	  
will	  not	  require	  chemotherapy	  as	  they	  will	  be	  reclassified	  into	  a	  low	  risk	  group	  26.	  This	  trial	  
42	  	  
is	  an	  example	  of	  how	  to	  incorporate	  new	  gene	  technology	  into	  a	  well	  designed	  prospective	  
randomised	  controlled	  with	  the	  aim	  of	  addressing	  a	  clinically	  relevant	  question.	  	  
	  
Future	  Challenges	  
Feasibility	  and	  accessibility	  of	  the	  tests	  are	  hurdles	  to	  the	  usage	  of	  any	  tests.	  Oncotype-­‐Dx	  is	  
a	   RT-­‐PCR	   based	   assay,	   which	   utilises	   more	   readily	   accessible	   formalin-­‐fixed	   paraffin-­‐
embedded	  tissue.	  	  Mammaprint	  has	  the	  disadvantage	  of	  needing	  fresh	  frozen	  tissue	  which	  
is	   time-­‐consuming,	  more	   costly	   and	  not	   readily	   available	  Recently,	   the	   feasibility	  of	  using	  
more	   accessible	   and	   preferred	   formalin-­‐fixed	   paraffin-­‐embedded	   tissue	   have	   been	  
addressed	   27.	   In	   order	   for	   tests	   such	   as	   Mammaprint	   to	   be	   realistically	   used	   in	   routine	  
clinical	   practice,	   issues	   such	   as	   this	   pertaining	   to	   application	   in	   everyday	   practice	   is	  
imperative.	  	  
Personalizing	  breast	  cancer	  treatment	  in	  the	  future	  will	  involve	  quantitating	  risk	  of	  relapse	  
and	   the	  magnitude	   of	   benefit	   that	   would	   be	   derived	   from	   treatment	   (Oncotype	   Dx	   and	  
Mammaprint),	   assessing	   how	   an	   individual’s	   genetic	   make-­‐up	   would	   impact	   on	   drug	  
metabolism	   and	   in	   turn	   the	   efficacy	   and	   toxicity	   of	   treatment	   and	   whether	   the	   use	   of	  
targeted	   therapies	   (herceptin	   and	   tamoxifen)	   is	   appropriate.	   Ultimately,	   such	   treatment	  
approaches	   should	   prove	   cost-­‐saving	   by	   eliminating	   toxicities	   and	   avoiding	   ineffective	  
treatments.	  	  
	  
Colorectal	  cancer	  
In	   the	   treatment	  of	  colorectal	  cancer	   (CRC),	   there	  have	  been	  significant	  advances	  both	   in	  
available	  treatment	  strategies	  and	  in	  the	  use	  of	  biomarkers	  to	  guide	  appropriate	  therapy.	  In	  
the	  metastatic	   setting,	   there	   has	   been	   a	   paradigm	   shift	   from	   use	   of	   successive	   ‘lines	   of	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treatment’	  where	  patients	  are	  treated	  until	  progression	  of	  disease	  to	  one	  of	  a	  ‘continuum	  
of	   care’	   without	   these	   distinct	   lines	   of	   treatment	   28.	   This	   allows	   for	   individual	   and	  
personalised	  treatment	  tailoring	  and	  maximises	  patient	  exposure	  to	  all	  currently	  available	  
active	   treatments	   and	  modalities	   including	   selection	   of	   patients	   for	   surgical	   resection	   28.	  
However,	   the	   evidence	   to	   allow	   for	  more	  personalised	  medicine	   in	   CRC	   treatment	   is	   still	  
evolving	   although	   recent	   advances	   in	   CRC	   predictive	   biomarker	   discovery	   has	   been	  
encouraging	  and	  should	  result	  in	  a	  more	  refined	  treatment	  approach	  in	  the	  next	  decade.	  
Clinical	  predictive	  markers	  such	  as	  age	  and	  in	  particular,	  patient’s	  performance	  status,	  have	  
traditionally	   acted	   as	   surrogate	   indicators	   of	   patient’s	   well-­‐being	   and	   fitness	   for	  
chemotherapy.	  Recent	  evidence	  from	  a	  pooled	  analysis	  of	  several	  large	  chemotherapy	  trials	  
in	  metastatic	  CRC	  showed	  that	  patients	  with	  Eastern	  Cooperative	  Oncology	  Group	  (ECOG)	  
performance	  status	  2	  (symptomatic;	  <50%	  of	  time	  in	  bed	  during	  the	  day)	  derived	  the	  same	  
benefit	   from	   more	   intense	   treatment	   as	   patients	   with	   performance	   status	   0-­‐1	  
(asymptomatic	   or	   symptomatic	   but	   completely	   ambulatory)	   29.	   Although	   performance	  
status	   is	   an	   important	   prognostic	   factor,	   it	   does	   not	   predict	   which	   patients	   may	   derive	  
benefit	  from	  specific	  available	  treatment	  options.	  Several	  authors	  have	  used	  variables	  such	  
as	  performance	  status,	  in	  addition	  to	  other	  clinical	  and	  laboratory	  variables	  including	  white	  
cell	   count	  and	  number	  of	  metastatic	  disease	   sites,	   to	   characterise	  patients	  more	   likely	   to	  
respond	   to	   chemotherapy	   in	  CRC	   30-­‐32.	  Using	   these	  parameters,	   patients	  were	   subdivided	  
into	   high,	   intermediate	   and	   low-­‐risk	   groups	   for	   survival	   30-­‐32.	   Categorisation	   of	   patients	  
according	   to	   these	   prognostic	   groups	   is	   useful	   for	   guiding	   future	   clinical	   trial	   design,	  
however	   the	   largest	  and	  most	   recent	   trial	   investigating	  the	  use	  of	   these	  sub-­‐categories	   30	  
failed	  to	  identify	  a	  baseline	  risk	  group	  or	  prognostic	  factor	  predictive	  of	  treatment-­‐specific	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(oxaliplatin	   or	   irinotecan	   combination	   chemotherapy)	   outcomes,	   limiting	   its	   use	   for	  
clinicians	  to	  guide	  individual	  treatment	  selection.	  
	  
Predictive	  Biomarkers	  
There	   have	   been	   a	   significant	   number	   of	   studies	   over	   the	   last	   few	   decades	   investigating	  
molecular	   markers	   or	   genomic	   polymorphisms	   in	   tumour	   tissue	   or	   blood	   that	   could	  
function	   as	   potential	   predictive	   biomarkers	   of	   outcome	   in	   CRC.	   In	   spite	   of	   this,	   until	  
recently,	   there	   were	   no	   molecular	   markers	   in	   routine	   clinical	   use	   for	   chemotherapy	  
selection	   in	   CRC	   and	   overall	   results	   have	   been	   inconsistent	   and	   disappointing.	   A	   recent	  
review	  comprehensively	   summarised	  existing	  data	   for	  use	  of	  potential	  molecular	  markers	  
for	  chemotherapy	  selection	  in	  CRC	  and	  highlighted	  some	  of	  the	  limitations	  of	  these	  studies	  
including	   the	   use	   of	   small,	   retrospective	   studies,	   different	   testing	   methodologies	   and	  
potential	  publication	  biases	  33.	  These	  factors	  in	  addition	  to	  the	  complexity	  of	  CRC	  mutations	  
and	   lack	   of	   reporting	   standards	   in	   biomarker	   trials	   has	   resulted	   in	   seemingly	   promising	  
biomarkers	  not	  being	  validated	  in	  larger	  clinical	  studies.	  
One	   exception	   is	   the	   use	   of	   k-­‐ras	  mutational	   analysis	   to	   guide	   selection	   of	   patients	  with	  
metastatic	   disease	   for	   treatment	   with	   the	   epidermal	   growth	   factor	   (EGFR)	   inhibitors	  
cetuximab	   and	   panitumumab.	   K-­‐ras	   is	   an	   important	   component	   of	   the	   intracellular	  
Ras/Raf/MAPK	   pathway	  which	   responds	   to	   ligand	  binding	   to	  EGFR.	  K-­‐ras	  mutations	   have	  
been	  reported	  in	  approximately	  25-­‐50%	  34-­‐37	  of	  CRC	  and	  have	  been	  shown	  to	  predict	  non-­‐
response	  and	  shorter	  disease	  free	  progression	  to	  EGFR	  monoclonal	  antibodies.	  Results	  from	  
five	   large	   randomised	   clinical	   trials	   retrospectively	   analysed	   k-­‐ras	  mutational	   status	   from	  
tumour	   tissue	   38-­‐42	   and	   confirmed	   the	   value	   of	   k-­‐ras	   mutational	   analysis	   in	   determining	  
treatment	   selection	   as	   had	   been	   suggested	   from	   earlier	   small	   uncontrolled	   retrospective	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trials	   35,	   43-­‐46.	   Data	   from	   these	   studies	   resulted	   in	   the	   National	   Comprehensive	   Cancer	  
Network	   (NCCN)	   Guidelines	   and	   the	   American	   Society	   of	   Clinical	   Oncology	   (ASCO)	   to	  
recommend	   the	   use	   of	   k-­‐ras	   mutational	   analysis	   prior	   to	   treatment	   with	   anti-­‐EGFR	  
monoclonal	   antibodies	   47,	   48.	   K-­‐ras	  mutational	   analysis,	   therefore,	   has	   become	   the	   first	  
predictive	   biomarker	   to	   be	   utilised	   in	   clinical	   practice	   for	   treatment	   of	   patients	   with	  
metastatic	   CRC.	   Commercially	   available	   k-­‐ras	   diagnostic	   kits	   capable	   of	   identifying	   seven	  
mutations	  on	  codon	  12	  and	  13	  are	  widely	  available,	  accessible	  and	  reproducible	  with	  high	  
sensitivities	  reported	  in	  detection	  techniques	  (DxS	  Ltd,	  now	  owned	  by	  Qiagen)	  49-­‐52.	  These	  
attributes	  are	  necessary	  for	  successful	   implementation	  of	  a	  valid	  diagnostic	  test	   in	  clinical	  
practice.	  
Apart	  from	  k-­‐ras,	  there	  is	  emerging	  evidence	  for	  the	  use	  of	  other	  predictive	  biomarkers	  in	  
CRC,	  in	  particular	  other	  EGFR	  downstream	  effectors	  such	  as	  BRAF,	  PIK3CA	  and	  PTEN	  53-­‐56.	  In	  
a	  recent	  review,	  Bardelli	  et	  al	  (2010)	  suggested	  that	  CRCs	  without	  oncogenic	  alterations	  in	  
all	  of	  these	  four	  genes	  (quadruple-­‐negative	  tumours)	  are	  the	  most	  likely	  to	  respond	  to	  anti-­‐
EGFR	  therapies	  and	  future	  trials	  will	  investigate	  concurrent	  targeting	  of	  a	  number	  of	  these	  
signaling	  pathways	  56.	  The	  discovery	  of	  k-­‐ras	  as	  a	  predictive	  biomarker	  in	  CRC	  is	  a	  significant	  
breakthrough	   for	   clinicians	   dealing	  with	  CRC	  patients	   as	   this	   spares	   patients	   unnecessary	  
toxicity	  and	  allows	  improved	  treatment	  selection.	  This	  is	   likely	  to	  herald	  the	  start	  of	  other	  
promising	   biomarker	   discoveries,	   which	   will	   continue	   to	   improve	   targeted	   selection	   of	  
available	   therapies	   and	   towards	   more	   ‘personalised’	   treatment	   selection	   where	   the	  
paradigm	  shift	  towards	  a	  ‘continuum	  of	  care’	  may	  become	  a	  reality.	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Future	  Challenges	  
There	  have	  been	  significant	  additional	  costs	  associated	  with	  new	  treatment	  developments	  
over	  the	  last	  decade	  in	  metastatic	  CRC.	  	  This	  includes	  costs	  of	  the	  investigations	  designed	  to	  
assess	  patient	  suitability	  to	  receive	  the	  targeted	  agents	  along	  with	  the	  agents	  themselves.	  
Wong	  et	  al	   (2009)	  used	  a	  Markov	  cost-­‐efficacy	  model	  to	  measure	  the	  cost	   implications	  of	  
treatment	   with	   sequential	   regimens	   that	   included	   chemotherapy	   and/or	   monoclonal	  
antibodies	   57.	   Using	   drug	   costs	   alone,	   the	   addition	   of	   monoclonal	   antibodies	   to	  
chemotherapy	   compared	   to	   chemotherapy	   alone	   increased	   the	   incremental	   cost-­‐
effectiveness	  ratio	  (ICER)	  from	  US$100,000	  per	  discounted	  life-­‐year	  (DLY)	  to	  >$170,000	  per	  
discounted	   life-­‐year.	   Selection	   of	   patients	   for	   anti-­‐EGFR	   monoclonal	   antibodies	   such	   as	  
cetuximab	   based	   on	   k-­‐ras	   status	   significantly	   reduces	   the	   incremental	   cost-­‐effectiveness	  
ratio	  58.	  There	  needs	  to	  be	  rationalisation	  of	  limited	  resources	  given	  the	  cost	  of	  these	  newer	  
treatments,	   particularly	   in	   the	   terminal	   stages	   of	   life	   and	   targeting	   patients	   who	   may	  
benefit	  most	  is	  of	  paramount	  importance.	  Cost-­‐effective	  analysis	  and	  calculations	  should	  be	  
integral	  to	  the	  development	  process	  of	  new	  drugs	  and	  interventions	  57.	  
In	   addition,	   lessons	   should	   have	   been	   learned	   from	   the	   last	   few	   decades	   in	   biomarker	  
discovery	   trials	   in	   CRC,	   in	   particular	   from	   problems	   created	   by	   the	   use	   of	   smaller,	  
retrospective	   trials,	   the	   results	   of	  which	   have	   been	   difficult	   to	   duplicate	   in	   larger	   clinical	  
settings.	   Recent	  publications	  have	   recommended	   improved	  and	  more	   rationally	   designed	  
clinical	   trials	   with	   incorporation	   of	   biomarker	   analyses	   and	   uniform	   reporting	   of	   results,	  
including	  the	  use	  of	  a	  nested	  case-­‐control	  design	   (PRoBE)	  where	  biological	  specimens	  are	  
prospectively	  collected	  from	  a	  cohort	  representing	  the	  prospective	  target	  population	  that	  is	  
envisioned	   for	   each	   specific	   clinical	   biomarker	   59-­‐62.	   These	   strategies	   should	  minimise	   the	  
problems	  of	  bias	  that	  are	  inherent	  in	  small,	  unselected,	  retrospective	  trials.	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Future	  Perspective	  
In	   the	   future,	   the	   use	   of	   novel	   techniques	   such	   as	   recent	   developments	   in	   genomic	   and	  
proteomic	   technology	   in	   combination	   with	   knowledge	   of	   basic	   clinical	   and	   laboratory	  
variables	   or	   algorithms	   described	   above,	   will	   revolutionise	   individualised	   treatment	  
selection.	  We	  have	  attempted	  to	  highlight	  significant	  recent	  advances	  and	  future	  challenges	  
in	   individualizing	   cancer	   treatment.	  Over	   the	   last	   decade,	   a	   substantial	   number	   of	   highly	  
specific	   and	   targeted	   therapies	   plus	   a	   smaller	   number	   of	   predictive	   and	   prognostic	  
biomarkers	   have	   been	   incorporated	   into	   routine	   clinical	   practice.	   As	   discussed	   above,	  
treatment	   decisions	   are	   made	   based	   on	   the	   relative	   costs	   and	   benefits	   of	   a	   particular	  
regimen.	   	   Potential	   costs	   include	   toxicity	   to	   the	   patient,	   as	   well	   financial	   costs	   to	   the	  
community	  as	  a	  whole.	  	  It	  is	  clear	  that	  a	  “one	  size	  fits	  all”	  treatment	  approach	  is	  becoming	  
increasingly	   irrelevant	  as	  our	  knowledge	  of	  treatment	  biomarkers	  exponentially	   increases.	  
Other	   hurdles	   to	   overcome	   include	   standardization	   of	   tissue	   handling,	   preservation	   of	  
available	  tumour	  tissue	  to	  reserve	  samples	  for	  future	  technological	  advances,	  maintenance	  
of	   quality	   control	   of	   assays	   and	   techniques,	   identification	   of	   potential	   differences	   in	  
molecular	   profiles	   between	   primary	   tumour	   and	   metastatic	   disease	   and	   ensuring	   the	  
maintenance	  of	  complete	  and	  highly	  accurate	  correlative	  clinical	  databases.	   It	   is	  also	  vital	  
that	  biospecimens	  are	  collected	  for	  prospective	  molecular	  and	  genotype	  analyses	  in	  clinical	  
trials	  of	  new	  therapies	  63.	  	  
	  
Ongoing	   research	   needs	   to	   focus	   on	   the	   discovery	   of	   reproducible	   and	   standardised	  
biomarkers	  that	  have	  been	  subjected	  to	  prospective	  randomized	  trials	  so	  that	  personalized	  
therapy	   becomes	   a	   new	   paradigm	   of	   care.	   Figure	   1	   shows	   the	   ideal	   clinical	   pathway	   in	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cancer	   treatment.	   A	   concerted	   effort	   by	   all	   parties,	   including	   scientists,	   physicians,	  
pathologists,	   radiologists,	  governing	  bodies	  and	  health	   insurers	   is	   required	   to	  ensure	   that	  
the	  value	  and	  opportunities	  provided	  by	  personalized	  medicine	  are	  realized.	  Health	  insurers	  
should	   value	   the	   lower	   costs	   of	   more	   effective	   care,	   while	   pathologists	   will	   be	   able	   to	  
provide	   faster,	   more	   precise	   and	   accurate	   diagnoses	   that	   have	   greater	   therapeutic	  
relevance.	   To	   achieve	   these	   goals,	   regulators	   need	   to	   establish	   diagnostic	   and	   treatment	  
guidelines	  and	  perform	  cost-­‐effectiveness	  analyses	  that	  will	  ultimately	  permit	  each	  patient	  
to	  receive	  more	  tolerable	  and	  effective	  treatments	  for	  their	  individual	  malignancy.	  
	  
The	  following	  chapter	  will	  be	  an	  in-­‐depth	  review	  of	  predictive	  biomarkers	  for	  the	  treatment	  
of	   colorectal	   cancer.	  Unfortunately,	  many	  of	   these	  markers	  are	   still	   not	   routinely	  used	   in	  
our	  day-­‐to-­‐day	  management	  of	   colorectal	   cancer	  patients	  due	   to	   issues	  discussed	  above.	  
Hopefully,	   with	   further	   insights	   and	   medical	   and	   technological	   advances,	   personalised	  
medicine	   in	   colorectal	   cancer	   will	   be	   part	   of	   our	   daily	   oncological	   practice	   in	   the	   near	  
future.	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3.3	  	   Clinical,	  laboratory	  and	  molecular	  factors	  predicting	  chemotherapy	  efficacy	  and	  
toxicity	  in	  colorectal	  cancer	  
	  
This	  part	  of	  the	  chapter	  is	  a	  review	  on	  the	  predictive	  markers	  in	  colorectal	  cancer	  written	  in	  
collaboration	  with	  Dr	  Wei	  Chua	  and	  is	  part	  of	  a	  publication	  entitled	  “Clinical,	  laboratory	  
and	  molecular	  factors	  predicting	  chemotherapy	  efficacy	  and	  toxicity	  in	  colorectal	  cancer”,	  
Critical	  Reviews	  in	  Haematology/Oncology,	  vol	  79,	  issue	  3,	  2011	  64.	  
	  
3.3.1	   Introduction	  
Treatment	  for	  patients	  with	  colorectal	  cancer	  (CRC)	  has	  evolved	  significantly	  over	  the	   last	  
ten	   years	   with	   the	   use	   of	   active	   chemotherapeutic	   agents	   including	   fluoropyrimidines,	  
oxaliplatin	   and	   irinotecan	   plus	   targeted	   monoclonal	   antibodies	   bevacizumab,	   cetuximab	  
and	  panitumumab.	  Significant	  advances	  in	  the	  treatment	  of	  patients	  with	  locally	  advanced	  
cancer	   with	   the	   addition	   of	   oxaliplatin	   to	   fluoropyrimidines	   has	   also	   improved	   patient	  
outcomes	  and	  there	  is	  ongoing	  investigation	  of	  newer	  agents	  such	  as	  targeted	  monoclonal	  
antibodies	  for	  treatment	  of	  stage	  II	  and	  III	  CRC.	  	  
The	  addition	  of	  newer	  chemotherapeutic	  agents	  has	  resulted	  in	  increased	  toxicity,	  and	  not	  
all	   patients	  will	   benefit	   from	   these	   treatments	   creating	   the	   need	   for	   improved	   ability	   to	  
accurately	  predict	  clinical	  outcomes,	  particularly	   in	   the	  predominantly	  elderly	  CRC	  patient	  
population.	   Ultimately,	   advances	   in	   the	   knowledge	   of	  molecular	  medicine,	   in	   addition	   to	  
risk	   algorithms	   based	   on	   clinical	   and	   laboratory	   indices	   may	   guide	   clinicians	   towards	  
selecting	   the	   best	   treatment	   for	   individual	   patients.	   Examples	   of	   these	   include	   emerging	  
evidence	  regarding	  resistance	  of	  patients	  with	  KRAS	  mutations	  to	  anti-­‐EGFR	  therapy	  such	  as	  
cetuximab	  and	  panitumumab.	   ‘Personalised’	   treatment	   for	   individual	  patients	  will	   require	  
knowledge	  of	  such	  molecular	  markers	  using	  new	  techniques	   in	  combination	  with	  baseline	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clinical	  and	  laboratory	  variables	  which	  predict	  response,	  survival	  and	  toxicity	  to	  treatment	  
for	   CRC.	   This	   applies	   to	   the	   approach	   to	   cancer	   treatment	   in	   both	   the	   adjuvant	   and	  
metastatic	  settings.	  	  
This	   review	   aims	   to	   summarise	   existing	   data	   regarding	   the	   use	   of	   clinical	   and	   laboratory	  
variables	   in	   predicting	   response,	   survival	   and	   toxicity	   to	   chemotherapy	   agents	   used	   in	  
treatment	  of	  CRC	  including	  the	  fluoropyrimidines,	  oxaliplatin	  and	  irinotecan	  in	  addition	  to	  
the	  targeted	  antibodies	  bevacizumab,	  cetuximab	  and	  panitumumab.	  The	  available	  evidence	  
will	   be	   categorised	   according	   to	   baseline	   clinical	   and	   laboratory	   variables	   predictive	   of	  
response,	   survival	   and	   toxicity	   followed	   by	   recent	   developments	   in	   our	   understanding	   of	  
molecular	  influences	  on	  chemotherapy	  predictive	  factors.	  
	  
3.3.2.	   Clinical	  predictive	  variables	  
	  Age	  
A	   pooled	   analysis	   from	   seven	   phase	   III	   randomised	   trials	   involving	   3351	   patients	  
investigated	  the	  effects	  of	  postoperative	  5-­‐fluorouracil	  (5-­‐FU)	  plus	  leucovorin	  or	  5-­‐FU	  plus	  
levamisole	  compared	  with	  the	  effects	  of	  surgery	  alone	  in	  patients	  with	  stage	  II	  or	  III	  colon	  
cancer.	  Patients	  were	  analysed	  according	  to	  four	  10-­‐year	  age	  range	  categories	  of	  equal	  size	  
(≤	   50,	   51-­‐60,	   61-­‐70,	   and	   >	   70	   years)	   with	   similar	   benefits	   derived	   from	   adjuvant	  
chemotherapy	   irrespective	   of	   age,	   suggesting	   that	   age	   alone	   is	   not	   predictive	   of	   benefit	  
from	   treatment.	   The	   frequencies	  of	  patients	   in	   each	  group	   (≤	  50,	   51-­‐60,	   61-­‐70,	   and	  >	  70	  
years)	  were	   16.8%,	   30.2%,	   37.9%	   and	   15.1%,	   respectively,	   and	   importantly,	   only	   0.7%	   of	  
patients	   in	   these	   trials	  were	  over	   80	   years	   of	   age.	   Two	   further	   studies	   pooled	  data	   from	  
large	   randomised	   trials	   to	   analyse	   the	   effect	   of	   age	   on	   chemotherapy	   efficacy	   with	  
oxaliplatin	  and	  irinotecan-­‐based	  treatments	  65,	  66.	  Goldberg	  and	  colleagues	  (2006)	  reported	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a	  retrospective	  analysis	  of	  3,742	  patients	  with	  CRC	  from	  four	  trials	  testing	  FOLFOX4	  in	  the	  
adjuvant,	  first	  and	  second-­‐line	  metastatic	  settings	  65.	  Sixteen	  percent	  of	  patients	  were	  aged	  
≥70	   years	   and	   only	   15	   (0.4%)	  were	   80	   or	   older.	   The	   relative	   benefits	   of	   FOLFOX4	   versus	  
control	  did	  not	  differ	  by	  age	  in	  terms	  of	  response	  rate	  (RR),	  progression-­‐free	  survival	  (PFS)	  
or	  recurrence	  free	  survival	   (HR	  0.70	  for	  FOLFOX4	  versus	  control	   for	  age	  <	  70;	  HR	  0.65	  for	  
age	   ≥	   70;	   p=0.42)	   or	   OS	   (HR	   0.77	   for	   age	   <	   70;	   HR	   0.82	   age	   ≥	   70;	   p=0.079).	   Similarly,	   a	  
combined	  analysis	  from	  four	  first-­‐line,	  phase	  III	  trials	  of	  CRC	  investigating	  the	  efficacy	  and	  
safety	  of	  irinotecan/	  fluorouracil	  combination	  as	  first-­‐line	  therapy	  of	  2,691	  patients	  showed	  
no	  significant	  difference	  for	  RR,	  PFS	  and	  OS	  for	  patients	  aged	  <70	  or	  ≥70	  years	  of	  age	  66.	  A	  
retrospective	   analysis	   of	   1,372	   patients	   enrolled	   in	   clinical	   trials	   or	   protocols	   of	   breast,	  
colorectal	  and	  lung	  cancers	  according	  to	  the	  Hellenic	  Cooperative	  Oncology	  Group	  registry	  
found	  that	  relatively	  fit	  patients	  with	  advanced	  cancer	  tolerated	  chemotherapy	  with	  similar	  
disease	  control	  as	  younger	  patients	   67.	   Furthermore,	   the	  authors	  developed	  a	   six-­‐variable	  
geriatric	   assessment	   score	   to	  predict	  palliation,	  which	   classified	  elderly	  patients	   into	   low,	  
intermediate	   and	   high	   risk	   groups	   for	   disease	   progression	   and	   death.	   Variables	   in	   this	  
geriatric	  assessment	  score	  which	  predicted	  poorer	  outcomes	  included	  primary	  CRC	  or	  lung	  
cancer,	   multiple	   sites	   of	   metastasis,	   presence	   of	   liver,	   brain	   or	   peritoneal	   metastases,	  
impaired	  performance	  status,	  hypoalbuminaemia	  and	  anaemia	  67.	  
Three	  smaller	  randomised	  trials	  in	  both	  the	  adjuvant	  and	  palliative	  settings	  either	  with	  5-­‐FU	  
alone,	   or	   in	   combination	   with	   oxaliplatin	   and	   irinotecan	   have	   shown	   similar	   efficacy	   in	  
elderly	   patients,	   commonly	   defined	   as	   older	   than	   65	   to	   70	   years	   of	   age	   68-­‐70.	   These	   data	  
provide	   convincing	   evidence	   that	   chemotherapy	   is	   effective	   in	   the	   elderly	   population,	  
however	  elderly	  patients	  included	  in	  clinical	  trials	  are	  a	  select	  group	  with	  good	  performance	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status	  and	  cognition,	  access	  to	  transportation	  with	  few	  co-­‐morbidities	  71	  and	  only	  represent	  
a	  small	  proportion	  of	  study	  populations	  and	  those	  afflicted	  with	  the	  disease.	  	  
A	   large	  US	  study	  which	  examined	  the	  prevalence	  of	  adjuvant	  chemotherapy	  usage	  and	  5-­‐
year	   survival	   of	   patients	   treated	   in	   US	   hospitals	   provides	   evidence	   for	   the	   translation	   of	  
clinical	   trial	   results	   in	  a	   community-­‐based	   setting	   72	   .	   Prospective	  data	  obtained	   from	   the	  
Surveillance,	   Epidemiology,	   and	   End	   Results	   (SEER)/Medicare-­‐linked	   database	   hospital	  
cancer	  registries	  of	  85,394	  patients	  with	  stage	  III	  colon	  cancer	  confirmed	  that	  older	  patients	  
derived	   the	   same	   benefit	   from	   adjuvant	   chemotherapy	   as	   younger	   patients,	   although	  
significantly	   fewer	   patients	   aged	   ≥	   80	   years	   received	   treatment	   compared	   to	   younger	  
patients	   72.	   Referral	   to	   a	   medical	   oncologist	   for	   discussion	   of	   adjuvant	   chemotherapy	   in	  
older	  patients	  may	  be	  a	  crucial	  factor	  with	  one	  population-­‐based	  study	  reporting	  that	  22%	  
of	   patients	   aged	   66	   years	   and	   older	  were	   not	   referred	   for	   adjuvant	   treatment	  within	   six	  
months	   of	   diagnosis	   73	   with	   several	   other	   studies	   confirming	   the	   underutilization	   of	  
adjuvant	  chemotherapy	  in	  the	  elderly	  population	  based	  on	  population-­‐based	  registries	  74,	  75.	  	  
Perceptions	   of	   increased	   toxicities	   from	   chemotherapy	   in	   the	   elderly	   population	   are	   an	  
important	  factor	  in	  decision-­‐making	  by	  clinicians.	  Several	  studies	  have	  examined	  the	  impact	  
of	   age	   on	   toxicity	   from	   single	   agent	   5-­‐FU	   in	   both	   the	   adjuvant	   69-­‐71	   and	   palliative	   68,	  76-­‐79	  
settings	  with	  conflicting	  results.	  The	  most	  commonly	  increased	  severe	  toxicities	  reported	  in	  
the	  elderly	  population	  were	  severe	  leukopenia	  71,	  78,	  mucositis	  69,	  78	  and	  non-­‐haematological	  
toxicities	  such	  as	  hand-­‐foot	  syndrome	  79.	  	  Two	  pooled	  analyses	  from	  large	  randomised	  trials	  
with	   oxaliplatin	   65	   or	   irinotecan-­‐based	   66	   doublets	   have	   reported	   the	   effect	   of	   age	   on	  
chemotherapy-­‐related	   toxicities.	   In	   patients	   receiving	   oxaliplatin-­‐based	   chemotherapy,	  
there	   was	   significantly	   more	   ≥	   grade	   3	   neutropenia	   (49%	   versus	   43%;	   p=0.04)	   and	  
thrombocytopenia	  (5%	  versus	  2%;	  p=0.04)	  in	  patients	  ≥	  70	  albeit	  with	  no	  overall	  increase	  in	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severe	  toxicities	   65.	  Elderly	  patients	   receiving	   irinotecan-­‐based	  chemotherapy	  experienced	  
similar	   toxicities	   to	   younger	   patients	   with	   the	   exception	   of	   hepatotoxicity	   (p=0.024).	  	  
However,	   in	   an	   exploratory	   analysis	   of	   the	   subgroup	   of	   elderly	   patients	   ≥75	   years,	  
significantly	  more	  nausea,	  vomiting	  and	  diarrhoea	  (p<0.05)	  were	  observed	  66.	  Both	  of	  these	  
studies	  reported	  no	  difference	  in	  60	  day	  mortality	  between	  elderly	  and	  younger	  patients	  65,	  
66,	  which	   is	   reassuring	   given	   an	  earlier	   report	   of	   significantly	   increased	   treatment-­‐related	  
deaths	  (9%	  versus	  2%;	  p=0.01)	  in	  patients	  ≥	  70	  receiving	  single-­‐agent	  5-­‐FU	  in	  the	  advanced	  
setting	  77.	  Some	  of	  the	  relationships	  between	  toxicities	  and	  age	  changed	  when	  viewed	  as	  a	  
continous	  variable,	  rather	  than	  using	  an	  arbitrary	  cut-­‐off	  such	  as	  an	  age	  greater	  or	  less	  than	  
70,	  suggesting	  that	  there	  may	  be	  real	  relationships	  between	  certain	  toxicities	  and	  age	  that	  
increase	  steadily	  with	  age	  65.	  In	  conclusion,	  available	  evidence	  from	  randomised	  controlled	  
trials	   (RCTs)	   and	   prospective	   community-­‐based	   databases	   supports	   the	   use	   of	   single	   or	  
doublet	   chemotherapy	   combinations	   in	   the	   adjuvant	   and	   palliative	   settings	   with	   no	  
differences	   in	   RR,	   PFS	   and	   OS	   (see	   Table	   1).	   There	   may	   be	   a	   slightly	   increased	   risk	   of	  
toxicities	  in	  the	  elderly	  population,	  with	  the	  most	  commonly	  reported	  being	  haematological	  
toxicities,	  without	  significant	   increase	   in	  60-­‐day	  mortality	   in	  pooled	  data	   from	   large	  RCTs.	  
However,	  patients	  in	  the	  older	  elderly	  and	  in	  particular	  those	  aged	  >	  80	  tend	  to	  be	  under-­‐
represented	  in	  clinical	  trials.	  
	  
	  Performance	  status	  	  
Performance	  status	  (PS),	  an	  indicator	  of	  a	  patient’s	  general	  well-­‐being	  and	  activity	  levels,	  is	  
often	   used	  by	   clinicians	   to	   guide	   decisions	   regarding	   treatment,	   including	   chemotherapy.	  
Several	   earlier	   studies	   have	   identified	   PS	   as	   an	   important	   predictor	   of	   tumour	   response	  
and/or	  survival	  80-­‐84.	  In	  a	  study	  evaluating	  several	  approaches	  of	  biochemically	  modulating	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5-­‐FU	   in	   mCRC,	   patients	   with	   Eastern	   Cooperative	   Oncology	   Group	   (ECOG)	   PS	   0-­‐1	   had	  
significant	   improvement	   in	   OS	   compared	   to	   those	   with	   PS	   2-­‐3	   (52	   weeks	   vs.	   17	   weeks,	  
p<0.0001).	  Current	  RCTs	  typically	  exclude	  patients	  with	  PS	  >	  2	  with	  only	   less	   than	  10%	  of	  
the	  study	  population	  in	  most	  phase	  III	  trials	  having	  ECOG	  PS	  of	  2	  29.	  
	  
The	   largest	   trial	   to	   analyse	   the	   effect	   of	   PS	   on	   outcomes	   from	   chemotherapy	   in	   mCRC	  
pooled	  data	  from	  6,286	  patients	  (509	  PS2)	  enrolled	  in	  nine	  pivotal	  first-­‐line	  phase	  III	  clinical	  
trials	  of	  modern	  5-­‐fluorouracil	  based	  chemotherapy,	  excluding	  trials	  involving	  bevacizumab	  
due	  to	  small	  numbers	  or	  criteria	  which	  excluded	  patients	  with	  PS	  2	  29.	  The	  relative	  benefits	  
of	   the	   experimental	   and	   combination	   regimens	   in	   this	   pooled	   analysis	   did	   not	   differ	  
between	  patients	  with	  PS	  0-­‐1	  or	  PS	  2,	  however	  the	  absolute	  benefits	  to	  PS	  2	  patients	  were	  
smaller.	  Compared	  to	  patients	  with	  PS	  0-­‐1,	  PS	  2	  patients	  had	  significantly	  worse	  PFS	  (Hazard	  
Ratio	  [HR]	  1.52;	  median	  PFS	  4.9	  months	  versus	  7.6	  months,	  p<0.001),	  OS	  (HR	  2.18;	  median	  
OS	   8.5	   versus	   17.3	   months,	   p<0.0001)	   and	   RR	   (Odds	   Ratio	   0.61;	   32.0%	   versus	   43.8%,	  
p<0.0001).	   PS	   2	   patients	   also	   had	   significantly	   greater	   60-­‐day	   all-­‐cause	   mortality	   (12.0%	  
versus	   2.8%,	   p<0.0001),	   ≥	   grade	   3	   nausea	   (16.4%	   versus	   8.5%,	   p<0.0001)	   and	   vomiting	  
(11.9%	  versus	  7.6%;	  p=0.006)	  with	  no	  differences	  in	  diarrhoea,	  stomatitis	  and	  neutropenia.	  
The	  authors	  suggested	  that	  it	  was	  difficult	  to	  ascertain	  whether	  poor	  PS	  was	  secondary	  to	  
cancer	   or	   other	   co-­‐morbidities.	   This	   has	   important	   implications	   for	   treatment	   as	   more	  
aggressive	  regimens	  may	  be	  justified	  in	  patients	  with	  poor	  PS	  as	  a	  goal	  of	  improving	  cancer-­‐
related	   symptoms	   if	   poor	   PS	   was	   cancer-­‐related	   rather	   than	   secondary	   to	   other	   co-­‐
morbidities	  29.	  These	  results	  were	  consistent	  with	  data	  from	  five	  other	  pooled	  analyses	  of	  5-­‐
FU	  based	  trials	  which	  also	  showed	  worse	  progression	  free	  and	  overall	   survival	   32,	  85-­‐87	  and	  
more	  severe	  non-­‐haematological	  toxicities	  86,	  87	  in	  PS	  2	  patients	  .	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Body	  Mass	  Index	  (BMI)	  
There	  is	  overwhelming	  evidence	  to	  support	  the	  association	  between	  obesity	  and	  the	  risk	  of	  
developing	  colon	  carcinoma.	  However,	  the	  influence	  of	  obesity	  on	  treatment	  outcomes	  in	  
patients	  diagnosed	  with	  CRC	  is	  less	  well	  studied.	  Two	  large	  Intergroup	  and	  NSABP	  adjuvant	  
studies	   in	   CRC	   assessed	   the	   impact	   of	   body	   habitus	   on	   outcomes	   and	   treatment-­‐related	  
complications	   88,	   89.	   The	   larger	   study	   (n=4288)	   which	   accrued	   from	   several	   NSABP	   trials	  
showed	   that	   very	   obese	   patients	   (BMI	   ≥	   35	   kg/m2)	   had	   a	   greater	   risk	   of	   a	   colon	   cancer	  
event	   (recurrence	   or	   secondary	   primary	   tumour;	   HR	   1.38;	   95%	   CI	   1.10-­‐	   1.73)	   and	   colon	  
cancer	   deaths	   (HR	   1.36;	   95%	  CI	   1.06-­‐	   1.73)	   than	   normal	  weight	   patients	   (BMI	   18.5-­‐	   24.9	  
kg/m2)	  88.	  Results	  from	  the	  Intergroup	  trial	  showed	  similar	  detrimental	  effects	  of	  increased	  
weight	  and	  overall	  mortality	  although	   this	  was	   limited	   to	  only	  obese	  women	   (BMI	  ≥	  30.0	  
kg/m2)	   (HR1.34;	   95%	   CI	   1.07-­‐1.67)	   with	   a	   non-­‐significant	   increase	   in	   the	   risk	   of	   disease	  
recurrence	  89.	  Both	  trials	  adjusted	  for	  chemotherapy	  dosing	  as	  patients	  were	  more	  likely	  to	  
be	  dosed	  according	   to	   ideal	   rather	   than	  actual	  body	  weight	  with	  no	  significant	   impact	  on	  
these	   results.	  Neither	   study	   showed	   clinically	   significant	   differences	   in	   ≥	   grade	   3	   adverse	  
events	  according	  to	  BMI	  88,	  89.	  	  
The	   reasons	   for	   an	   inverse	   correlation	   between	   weight	   and	   survival	   is	   unclear	   although	  
interactions	  among	  insulin,	  insulin	  growth	  factors	  (IGF)	  and	  IGF-­‐	  binding	  proteins	  are	  likely	  
88,	  89.	  Gender	  disparity	  and	  obesity	  has	  been	   reported	   in	  an	  earlier	   small	   study	  examining	  
prognostic	  factors	  in	  CRC	  although	  the	  exact	  interaction	  of	  gender	  and	  obesity	  in	  risk	  of	  CRC	  
development	  is	  unclear	  90,	  91.	  	  
Other	  clinical	  parameters	  
56	  	  
Several	   studies	  have	  examined	   the	   impact	  of	   gender,	   race/ethnicity,	   number	  and	   type	  of	  
metastatic	  sites	  and	  the	  impact	  on	  tumour	  response,	  progression	  and	  survival	  32,	  85,	  87,	  92-­‐94.	  
Greater	  than	  one	  organ	  involvement	  32,	  85,	  87,	  92-­‐94	  and	  the	  presence	  of	  visceral	  metastases	  32,	  
87,	   94	   have	   been	   shown	   to	   be	   worse	   prognostic	   factors	   for	   patients	   treated	   with	  
chemotherapy.	   In	   addition,	   other	   baseline	   clinical	   parameters	   such	   as	   the	   presence	   or	  
absence	  of	  symptoms	  82,	  84,	  extent	  of	  weight	  loss	  85	  and	  primary	  tumour	  type	  (colon	  versus	  
rectum)	  32	  have	  also	  been	  shown	  to	  be	   important	  prognostic	   factors	  for	  tumour	  response	  
and	   survival.	   Surgical	   resection	   of	   the	   primary	   tumour	   has	   been	   shown	   in	   exploratory	  
subset	  analysis	  to	  be	  associated	  with	  improved	  survival	  82	  and	  response	  92.	  However,	  there	  
have	   not	   been	   randomised	   trials	   to	   show	   improved	   outcomes	   for	   surgical	   resection	   of	  
aymptomatic	  primary	  tumours	   in	  patients	  with	  synchronous,	  stage	   IV	  CRC.	  Poultsides	  and	  
colleagues	  (2009)	  recently	  reported	  that	  217/233	  (93%)	  of	  patients	  with	  synchronous	  stage	  
IV	   CRC	   who	   received	   up-­‐front	  modern	   chemotherapy	   regimens	   never	   required	   palliative	  
resection	  of	  their	  primary	  tumour	  95.	  
	  
3.3.3	  	   Baseline	  laboratory	  predictive	  variables	  
Various	  baseline	  laboratory	  parameters	  have	  been	  identified	  as	  potential	  prognostic	  and/or	  
predictive	  factors	  in	  CRC.	  The	  most	  commonly	  examined	  variables	  can	  be	  categorised	  into	  
(1)	  white	  cell	  and	  differential	  counts;	  (2)	  haemaglobin;	  (3)	  lactate	  dehydrogenase;	  (4)	  liver	  
function	  tests	  (alkaline	  phophatase,	  albumin,	  bilirubin,	  transaminases);	  (5)	  tumour	  markers	  
[carcinoembryonic	   antigen	   (CEA)]	   and	   (6)	   coagulation	   tests.	   	   More	   recently,	   scores	   or	  
markers	   reflecting	   systemic	   inflammation	   such	   as	   C-­‐reactive	   protein	   (CRP)	   96-­‐98,	   Glasgow	  
Prognostic	  Score	  (combining	  albumin	  and	  CRP)	  99-­‐101,	  neutrophil-­‐lymphocyte	  ratios	  (NLR)	  102-­‐
104	   and	   platelet-­‐lymphocyte	   ratios	   (PLR)	   105	   have	   been	   used	   as	   prognostic	   factors	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particularly	  in	  the	  pre-­‐operative	  setting	  in	  various	  malignancies	  including	  CRC.	  	  The	  clinical	  
utility	  and	  predictive	  value	  of	  these	  tests,	  however,	  are	  uncertain	  particularly	  when	  used	  in	  
isolation	  with	  many	  of	  these	  variables	  reported	  form	  small	  exploratory	  sub	  studies	  of	  older	  
chemotherapy	  regimens.	  
	  
Risk	  algorithms	  using	  a	  combination	  of	  laboratory	  parameters	  and	  clinical	  variables	  may	  be	  
of	   greater	   value	   in	   clinical	   decision-­‐making.	   Kohne	   and	   colleagues	   (2002),	   in	   the	   largest	  
study	   to	   identify	   clinical	   prognostic	   factors	   using	   5-­‐fluorouracil	   based	   chemotherapy,	  
performed	   a	   multivariate	   analysis	   of	   23	   potential	   predictors	   (11	   laboratory,	   7	   tumour-­‐
related	   and	   5	   clinical	   variables)	   from	   3825	   patients	   enrolled	   in	   19	   prospective	   RCTs	   for	  
metastatic	  CRC	   32.	  A	   risk	  algorithm	  divided	  patients	   into	   three	  groups	   (high,	   intermediate	  
and	  low	  risk)	  using	  four	  clinical	  parameters	  (1)	  performance	  status,	  (2)	  white	  cell	  count,	  (3)	  
alkaline	  phosphatase	  and	  (4)	  number	  of	  metastatic	  sites.	  These	  parameters	  divided	  patients	  
into	   high,	   intermediate	   and	   low	   risks	   groups	   with	  median	   survival	   of	   6.1,	   10.7	   and	   15.0	  
months	   respectively	   in	   the	   training	   set	  and	  6.4,	  10.9	  and	  14.7	  months	   respectively	   in	   the	  
validation	  set	  32.	  This	  model	  was	  limited	  by	  a	  high	  degree	  of	  missing	  information	  (50-­‐70%)	  in	  
a	   number	   of	   variables	   and	   the	   applicability	   of	   this	   model	   to	   modern	   chemotherapy	  
containing	   regimens	   with	   oxaliplatin	   and	   irinotecan.	   A	   comprehensive	   systematic	   review	  
aimed	  at	  identifying	  laboratory	  variables	  which	  would	  allow	  more	  accurate	  stratification	  in	  
metastatic	  CRC	  chemotherapy	  trials	  apart	  from	  	  PS	  and	  tumour	  invasion	  recommended	  the	  
use	  of	  albumin,	  bilirubin,	  lactate	  dehydrogenase,	  transaminases,	  CEA	  and	  prothrombin	  time	  
in	  addition	  to	  the	  four	  variables	  in	  Kohne’s	  model	  31.	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Sanoff	  and	  colleagues	  (2008)	  utilised	  a	  risk-­‐stratified	  analysis	  (RSA)	  based	  on	  Kohne’s	  model	  
to	   assess	   prognostic	   variables	   for	   1,691	   patients	   enrolled	   in	   a	   RCT	   of	   oxaliplatin	   and	  
irinotecan	  combinations	  for	  advanced	  CRC	  86.	  RSA	  according	  to	  risk	  groups	  showed	  different	  
OS	   for	   each	   group	   (9.4	  months	   for	   high	   risk,	   17.4	  months	   for	   intermediate	   risk	   and	   20.7	  
months	  for	  low	  risk;	  p<0.001)	  and	  discriminated	  between	  high	  and	  intermediate-­‐risk	  groups	  
better	   than	   PS	   alone	   86.	   The	   results	   of	   this	   study	   validated	   the	   use	   of	   Kohne’s	  
prognostication	  model	  in	  a	  cohort	  of	  patients	  receiving	  modern	  combination	  chemotherapy	  
regimens.	  However,	   although	   the	  authors	   concluded	   the	  RSA	  may	  be	  a	  potentially	  useful	  
tool	   in	   presenting	   clinical	   trial	   results	   in	   the	   future,	   its	   use	   in	   clinical	   decision	  making	   is	  
limited	   as	   baseline	   risk	   groups	   or	   other	   prognostic	   variables	   did	   not	   predict	   differential	  
benefit	  or	  greater	  toxicity	  from	  a	  specific	  treatment	  regimen	  86.	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3.4	  	   Molecular	  markers	  of	  chemotherapy	  response	  and	  toxicity	  
	  
3.4.1	  	   5-­‐fluorouracil	  
Over	   the	   last	   few	  decades,	   5-­‐FU	  has	   remained	   a	   key	   component	   in	   the	   treatment	  of	   both	  
early	  and	  mCRC.	  It	  is	  an	  anti-­‐metabolite	  used	  either	  as	  a	  single	  agent	  or	  in	  combination	  with	  
oxaliplatin	   and	   irinotecan.	   The	   main	   mechanism	   of	   action	   of	   5FU	   is	   via	   inhibition	   of	  
thymidylate	   synthase	   (TS).	   TS	   is	   the	   main	   enzyme	   involved	   in	   de	   novo	   synthesis	   of	  
nucleotides	   for	   DNA	   and	   FdUMP,	   the	   active	   metabolite	   of	   5-­‐FU	   inhibits	   TS	   by	   forming	   a	  
covalent	   ternary	   complex	   with	   TS	   and	   methylenetetra-­‐hydrofolate	   (CH2FH4).	   This	   in	   turn	  
inhibits	  the	  conversion	  of	  2’-­‐deoxyuridine-­‐5’-­‐monophosphate	  (dUMP)	  to	  2’-­‐deoxythymidine-­‐
5’-­‐monophosphate	  (dTMP)	  which	  is	  essential	  and	  specific	  for	  DNA	  synthesis.	  In	  addition,	  the	  
incorporation	  of	  5FU	  nucleotides	   into	  DNA	  and	  RNA	  would	   result	   in	  a	   further	   reduction	  of	  
DNA	  synthesis	  and	  induction	  of	  apoptosis	  106.	  
	  
	  Thymidylate	  Synthase	  	  
TS	  expression	  may	  be	   influenced	  by	  three	  gene	  variants	  of	  the	  TS	  gene.	  The	  first	  and	  most	  
studied	   is	  a	  germ	   line	  polymorphism	  upstream	  of	   the	  TS	   translational	   start	   site,	   containing	  
either	   double	   (2R)	   or	   triple	   (3R)	   tandem	   repeats	   of	   28	   base	   pair	   (bp)	   sequences.	   Several	  
studies	   have	   suggested	   that	   patients	   with	   triple	   tandem	   repeats	   (TS	   3R/3R)	   have	   higher	  
intratumoural	   levels	  of	  TS	  due	  to	   increased	  translational	  efficiency	  compared	  to	  those	  with	  
double	   tandem	   repeats	   (TS	   2R/2R)	   within	   the	   5’	   untranslated	   UTR	   region	   107-­‐109	   although	  
others	  have	  found	  the	  contrary	  110.	  Various	  studies	  have	  examined	  the	  influence	  of	  these	  TS	  
gene	  promoter	  enhancer	  region	  (TSER)	  genotype	  on	  toxicities	  109,	  111,	  112	  RR	  109,	  113	  or	  survival	  
110,	  114,	  115	  (see	  Table	  2).	  The	  other	  two	  variants	  include	  a	  G>C	  single	  nucleotide	  polymorphism	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at	   the	   second	   repeat	   within	   the	   3R	   allele	   116	   and	   a	   6bp	   deletion	   in	   the	   3’–UTR	   of	   TYMS	  
(1494del).	  Several	  studies	  have	  examined	  the	  influence	  of	  TSER	  genotypes	  in	  addition	  to	  one	  
or	  both	  of	  the	  other	  variants	  of	  the	  TS	  gene	  (3R	  G>C	  SNP	  and	  TS1494del6)	  and	  to	  evaluate	  TS	  
haplotypes	  which	  may	  predict	  more	  favourable	  clinical	  outcomes	  117-­‐124.	  A	  few	  studies	  have	  
suggested	  a	  more	  favourable	  TS	  haplotype	  118-­‐122	  with	  others	  finding	  no	  correlation	  between	  
any	   TS	   genotypes	   with	   clinical	   outcome	   or	   toxicity	   117,	   123,	   124	   (see	   Table	   2).	   Although	   the	  
largest	   study	   (n=683)	   to	   prospectively	   examine	   the	   effects	   of	   TS	   gene	   variants	   and	   5-­‐FU	  
toxicity	   showed	   a	   significant	   inverse	   association	   between	   the	   number	   of	   28-­‐bp	   tandem	  
repeats	  and	  the	  severity	  of	  toxicity,	  the	  sensitivity	  (57%)	  and	  specificity	  (22%)	  of	  this	  was	  low	  
limiting	  its	  clinical	  application	  112.	  .	  Overall,	  the	  use	  of	  TS	  genotyping	  is	  limited	  due	  to	  these	  
often	  conflicting	  results	  from	  relatively	  small	  studies.	  
	  
There	  has	  been	  a	  substantial	  number	  of	  studies	  on	  TS	  expression	  (intratumoural	  mRNA	  and	  
protein	  expression)	  and	  prognosis	  in	  CRC	  with	  a	  meta	  analysis	  of	  twenty	  studies	  (n=3,497)	  in	  
both	   the	   locally	   advanced	   and	   metastatic	   settings	   125.	   Although	   the	   authors	   showed	   that	  
tumours	   expressing	   high	   TS	   levels	   were	   associated	   with	   poorer	   OS	   compared	   to	   tumours	  
with	   low	  TS	   levels	   [combined	  HR	  estimate	  of	  1.74	   (95%	  CI,	  1.34	   to	  2.26)	  and	  1.35	   (95%	  CI,	  
1.07	   to	   1.80)	   in	   the	   advanced	   and	   adjuvant	   settings,	   respectively],	   the	   heteregneity	   of	  
studies,	  different	  methodologies	  (IHC	  and	  mRNA)	  and	  publication	  bias	  may	   limit	   its	  use	  125.	  
Subsequently,	   three	   large	   studies126-­‐128	   have	   examined	   TS	   expression	   (IHC)	   in	   patients	  
receiving	   5-­‐FU	   based	   chemotherapy,	   including	   a	   large	   prospective	   trial	   from	   the	   same	  
authors	   126,	   and	   found	   no	   significant	   association	   between	   TS	   expression	   and	   clinical	  
outcomes.	   It	   is	   unlikely,	   that	   any	   further	   studies	   examining	   TS	   in	   this	   setting	  may	   provide	  
additional	  information	  or	  useful	  data.	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  Dihydropyrimidine	  dehydrogenase	  (DPD)	  
DPD	  is	  mainly	  expressed	   in	  the	   liver	  where	  80%	  of	  5FU	  is	  catabolised.	   It	   is	  the	  rate-­‐limiting	  
enzyme	  in	  5FU	  metabolism,	  resulting	  in	  the	  formation	  of	  inactive	  dihydrofluorouracil	  (DHFU)	  
that	   is	  eventually	   converted	   to	   fluoro-­‐beta-­‐alanine,	  which	   in	   turn	   is	  excreted	   in	  urine.	   Low	  
DPD	  expression	  could	  therefore	  cause	  a	  decrease	  in	  5FU	  catabolism	  and	  higher	  intracellular	  
5FU	   levels,	   resulting	   in	   marked	   neutropenia,	   stomatitis	   and	   death	   129.	   In	   patients	   with	  
unexpected	   severe	   toxicity	   after	   5FU	   treatment,	   reduced	   DPD	   activity	   was	   noted	   in	  
peripheral	  mononuclear	  cells	  of	  39–61%	  of	  cases	  130.	  Different	  techniques	  have	  been	  used	  to	  
determine	  DPD	  expression	  including	  western	  blots,	  real-­‐time	  polymerase	  chain	  reaction	  (RT-­‐
PCR)	   and	   immunohistochemistry	   (IHC)	   which	  may	   explain	   the	   heterogeneity	   of	   results.	   In	  
addition,	  measurement	  of	  5,6-­‐dihydrouracil	  to	  uracil	  (UH2/U)	  ratio	  by	  liquid	  chromatography	  
pre-­‐treatment	  with	  fluoropyrimidines	  has	  been	  shown	  to	  correlate	  with	  adverse	  side	  effects	  
131-­‐133.	   Low	   DPD	   levels	   appear	   to	   be	   associated	   with	   longer	   disease	   free	   survival	   (DFS)	   or	  
overall	  survival	  (OS)	  including	  a	  large	  study	  of	  capecitabine	  with	  or	  without	  irinotecan	  134-­‐137.	  
Recently,	   results	   have	   been	   reported	   in	   the	   largest	   study	   of	   DPD	   expression	   (n=945)	   of	  
patients	  with	  Dukes	   stage	   II	   and	   III	   cancers	   127.	   Soong	  and	  colleagues	   (2008)	   reported	   that	  
low	  DPD	  expression	  was	  associated	  with	  worse	  OS	  in	  patients	  having	  surgery	  alone	  although	  
outcomes	   were	   better	   with	   patients	   with	   Stage	   III	   disease	   receiving	   chemotherapy	  
suggesting	   low	  DPD	  may	   predict	   better	   response	   to	   5-­‐FU	   chemotherapy	   127.	   These	   results	  
suggest	  DPD	  as	  a	  potentially	  useful	  marker	  but	  differences	  in	  methodologies	  limit	  its	  clinical	  
application.	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Thymidine	  phosphorylase	  (TP)	  
TP	  is	  involved	  in	  conversion	  of	  5FU	  to	  its	  active	  metabolite	  FdUMP	  and	  it	  is	  postulated	  that	  
high	   TP	   levels	   result	   in	   better	   responses	   and	   clinical	   outcome	   with	   fluoropyrimidines.	  
However,	  TP	  is	  also	  known	  as	  platelet-­‐derived	  endothelial	  cell	  growth	  factor	  (PD-­‐ECGF)	  and	  
has	   been	   reported	   to	   be	   associated	   with	   angiogenesis	   138	   and	   positively	   correlated	   to	  
microvessel	  density	  139	  suggesting	  higher	  TP	  levels	  may	  confer	  a	  poorer	  prognosis.	  As	  a	  result	  
of	   the	   potential	   dual	   action	   of	   TP	   and	   different	   methodologies	   used	   to	   determine	   TP	  
expression	  (IHC	  and	  mRNA),	  conflicting	  evidence	  exists	  regarding	  the	  prognostic	  or	  predictive	  
value	  of	  TP	  127,	  128,	  140,	  141.	  Table	  3	  highlights	  the	  heterogeneity	  of	  these	  studies	  in	  e	  	  	  	  valuating	  
the	   relationships	   between	   TP	   and	   clinical	   outcomes,	   therefore	   limiting	   its	   use	   in	   clinical	  
decision-­‐making.	  	  
	  
Microsatellite	  Instability	  (MSI)	  
The	   development	   of	   CRC	   consists	   of	   a	   sequence	   of	   genetic	   alterations	   including	   loss	   of	  
tumour	   suppressor	   genes	   and	   activation	   of	   oncogenes.	   In	   sporadic	   CRC,	   genetic	   changes	  
occurring	  via	   (1)	   loss	  of	  heterozygosity	  at	  multiple	   tumour	  suppressor	   loci,	   such	  as	  5q,	  17p	  
and	   18q	   are	   indicative	   of	   chromosomal	   instability	   (CIN)	   142	   or	   (2)	   DNA	   mismatch	   repair	  
(MMR)	  deficiency	  associated	  with	   loss	  of	  MMR	  proteins	   including	  MLH1,	  MSH2,	  MSH6	  and	  
PMS2,	  results	   in	  an	   inability	  to	  repair	  single	  nucleotide	  DNA	  mismatches.	  This	  occurs	   in	  15-­‐
20%	  of	  sporadic	  cancer	  and	  is	   largely	  due	  to	  CpG	  island	  hypermethlylation	  of	  the	  promoter	  
region	  of	  the	  mismatch	  repair	  gene	  MLH1	  143.	  MSI	  may	  also	  occur	  as	  a	  consequence	  of	  germ	  
line	   mutation	   of	   one	   of	   the	   MMR	   genes	   in	   the	   hereditary	   form	   of	   CRC,	   Hereditary	   Non-­‐
Polyposis	  Colon	  Cancer	  (HNPCC).	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Tumours	  with	  high	  levels	  of	  MSI	  (MSI-­‐H)	  exhibit	  a	  distinct	  phenotype	  being	  more	  commonly	  
right	  sided,	  poorly	  differentiated,	  mucin-­‐containing	  and	  occur	  more	  commonly	  in	  females	  144,	  
145.	  However,	  in	  spite	  of	  these	  usually	  adverse	  histopathological	  features,	  patients	  with	  MSI-­‐
H/MMR-­‐D	   (MMR-­‐deficient)	   tumours	   appear	   to	   have	   a	   better	   prognosis	   with	   improved	  
survival	   outcomes	   146,	  147.	   A	   large	  meta-­‐analysis	   evaluating	   32	   studies	   (n=7542)	   established	  
MSI	  as	  a	  favourable	  prognostic	  factor	  in	  locally	  advanced	  CRC	  with	  a	  combined	  hazard	  ratio	  
(HR)	  for	  OS	  associated	  with	  MSI-­‐H	  of	  0.65	  (95%	  CI,	  0.59	  to	  0.71)147,	  .	  
	  
The	  value	  of	  MSI	  as	  a	  predictive	  factor	  for	  chemotherapy	  outcomes	  in	  both	  the	  adjuvant	  and	  
metastatic	  treatment	  settings	  has	  been	  more	  controversial.	  Results	  from	  early	  retrospective	  
studies	  that	  investigated	  the	  predictive	  value	  of	  MSI	  in	  the	  adjuvant	  setting	  were	  conflicting	  
(summarised	  in	  Table	  4)	  148-­‐154.	  Sargent	  et	  al	  (2008)	  presented	  preliminary	  data	  from	  a	  pooled	  
molecular	   reanalysis	   of	   MSI	   from	   several	   RCTs	   and	   showed	   that	   MSI-­‐H	   patients	   did	   not	  
benefit	   from	   adjuvant	   5FU	   155.	   Similarly,	   a	   recent,	   large	   meta-­‐analysis	   of	   seven	   adjuvant	  
studies	   (n=3690)	   concluded	   that	   there	   was	   no	   statistically	   significant	   benefit	   of	  
chemotherapy	   in	  MSI-­‐H	  patients.	   There	  was	  however,	   a	   beneficial	   effect	   of	   chemotherapy	  
among	  MS-­‐stable	  patients	  in	  this	  meta-­‐analysis	  with	  a	  HR	  0.77	  (95%CI:	  0.68-­‐0.87)	  for	  RFS	  156.	  
The	  authors	  were	  however,	  unable	  to	  analyse	  Stage	  II	  and	  III	  patients	  separately	  due	  to	  the	  
lack	   of	   information	   in	   the	   original	   studies.	   This	   meta-­‐analysis	   provides	   the	   best	   current	  
evidence	  that	  MSI-­‐H	  patients	  do	  not	  benefit	  from	  chemotherapy	  for	  locally	  advanced	  CRC.	  A	  
prospective	  clinical	  trial	  (E5202)	  of	  Stage	  II	  CRC	  patients	  randomised	  to	  5FU-­‐based	  adjuvant	  
chemotherapy	  according	  to	  loss	  of	  heterozygozity	  and	  MSI	  status	  is	  ongoing	  and	  may	  provide	  
definitive	  evidence	  of	  MSI-­‐H	  being	  a	  predictor	  of	  non-­‐response	  to	  chemotherapy.	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Two	   large	   prospective	   RCTs,	   the	   Cancer	   and	   Leukaemia	   Group	   B	   Protocol	   89803	   (CALGB	  
89803)	  157	  and	  PETACC-­‐3	  158	  trials	  have	  assessed	  the	  addition	  of	  irinotecan	  to	  5FU	  as	  adjuvant	  
treatment	   in	   Stage	   II	   and	   III	   colon	   cancer	   patients.	   Prospectively	   planned	   analysis	   of	   DNA	  
mismatch	  repair	  deficiency	  in	  the	  CALGB	  trial	  showed	  a	  trend	  towards	  improved	  DFS	  for	  MSI-­‐
H	   patients	   receiving	   IFL	   versus	   5-­‐FU/FA	   (p=0.07)	   with	   the	   authors	   concluding	   that	   loss	   of	  
tumour	   MMR	   function	   may	   predict	   improved	   outcome	   in	   patients	   treated	   with	   the	   IFL	  
regimen	   compared	   to	   those	   receiving	   5FU	   alone	   157.	   The	   PETACC	   trial	   did	   not	   show	   any	  
benefit	  of	  the	  addition	  of	  irinotecan	  to	  5FU	  alone	  in	  patients	  with	  Stage	  III	  colon	  cancer	  158.	  
However,	  a	  translational	  sub	  study	  of	  MMR	  status	  suggested	  stage-­‐specific	  biological	  effects	  
of	  MSI	  159	  with	  the	  prognostic	  effect	  of	  MSI	  remaining	  significant	  in	  Stage	  II	  patients	  treated	  
with	   5FU.	   There	   was,	   however,	   no	   evidence	   for	   the	   addition	   of	   irinotecan	   to	   5-­‐FU	  
irrespective	  of	  MSI	  status	  159.	  	  
Several	   studies	   have	   investigated	   the	   predictive	   role	   of	   MSI	   status	   in	   patients	   receiving	  
oxaliplatin-­‐based	   combination	   therapy	   in	   the	   adjuvant	   160,	   161	   or	  metastatic	   162-­‐165	   settings.	  
Zaanan	  et	  al	  (2007),	   in	  the	  largest	  study	  (n=233)	  to	  investigate	  the	  predictive	  role	  of	  MSI	  in	  
this	  setting,	  found	  that	  the	  addition	  of	  oxaliplatin	  to	  5-­‐FU	  significantly	  improved	  3	  year	  DFS	  
(100%	  in	  FOLFOX	  group	  versus	  58%	  in	  5FU	  group,	  p=0.001)	  in	  patients	  with	  MSI-­‐H	  tumours	  
160.	  Muller	  et	  al	  (2008)	  suggested	  that	  patients	  with	  MSI-­‐H	  tumours	  had	  poorer	  response	  to	  
oxaliplatin-­‐based	  chemotherapy,	  however	  the	  incidence	  of	  MSI-­‐H	  was	  low	  in	  this	  cohort	  (4%)	  
with	  no	  significant	  association	  with	  DFS	  or	  OS	  163.	  Four	  other	  studies,	  including	  one	  from	  our	  
group,	  found	  no	  significant	  association	  between	  MMR	  status	  and	  RR	  and/or	  survival	  161,	  162,	  
164,	  165	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Methylenetetrahydrofolate	  reductase	  (MTHFR)	  
MTHFR	  is	  the	  main	  enzyme	  involved	  in	  the	  conversion	  of	  5,10-­‐methylenetetrahydrofolate	  to	  
5-­‐methyl-­‐tetrahydrofolate.	   Subsequently,	   5-­‐methyl-­‐tetrahydrofolate	   causes	   re-­‐methylation	  
of	   homocysteine	   to	   methionine	   which	   is	   required	   for	   nucleic	   acid	   methylation.	   Also,	   the	  
inhibitory	   ternary	   complex	   crucial	   in	   the	   activity	   of	   5FU	   involves	   5,10-­‐
methylenetetrahydrofolate,	   together	   with	   TS	   and	   5-­‐dUMP	   166,	   167.	   Hence,	   MTHFR	  
polymorphisms	   responsible	   for	   5,10-­‐methylenetetrahydrofolate	   levels	   may	   play	   an	  
important	  role	  in	  the	  cytotoxic	  activity	  of	  5FU.	  
The	  C677T	  and	  A1298C	  genetic	  variants	  are	  associated	  with	  decreased	  MTHFR	  activity	  168,	  169.	  
Numerous	   studies	   have	   attempted	   to	   examine	   the	   relationship	   between	   these	   common	  
MTHFR	  polymorphisms	  with	   clinical	  outcomes	  and/or	   toxicity	  of	  CRC	  patients	   treated	  with	  
5FU	   117,	  121,	  164,	  170-­‐173.	  Unfortunately,	   the	   results	   from	   these	   studies	   have	  been	   inconsistent	  
and	  overall	  inconclusive	  (see	  Table	  5).	  	  As	  a	  result,	  the	  impact	  of	  MTHFR	  polymorphisms	  on	  
treatment	  outcomes	  would	  need	  to	  be	  tested	  prospectively	  in	  large	  randomised	  clinical	  trials	  
to	   confirm	   its	   role	   in	   the	   prediction	   of	   toxicities	   and	   efficacy	   in	   fluoropyrimidine-­‐based	  
therapies.	  Its	  interaction	  with	  ethnicity	  167	  and	  other	  environmental	  factors	  such	  as	  folate	  166	  
levels	  also	  need	  to	  evaluated	  in	  future	  studies.	  	  
	  
3.4.2	   Irinotecan	  
Irinotecan,	   a	   camptothecin	   analogue,	   is	   frequently	   used	   in	   the	   treatment	   of	  mCRC.	   In	   the	  
liver,	  it	  is	  converted	  by	  carboxylesterases	  to	  the	  active	  compound	  SN-­‐38,	  a	  Topoisomerase-­‐1	  
inhibitor.	  SN-­‐38	  stabilises	  the	  DNA-­‐Topo-­‐1	  complex	  which	  in	  turn	  prevents	  DNA	  replication.	  
SN-­‐38	  is	  also	  100–1000	  times	  more	  potent	  than	  the	  parent	  drug	  irinotecan,	  and	  is	  eliminated	  
 
 
66	  	  
via	   glucuronidation	   by	   the	   uridine-­‐diphosphoglucuronosyl	   transferase	   (UGT)	   family,	  mainly	  
UGT1A1,	  UGT1A6	  and	  UGT1A9	  174,	  175.	  As	  variability	  in	  serum	  SN-­‐38	  levels	  may	  result	  in	  inter-­‐
individual	   variability	   in	   toxicity	   when	   treated	   with	   irinotecan,	   UGT	   may	   be	   important	   in	  
predicting	   toxicities.	   Irinotecan,	   SN38	  and	   inactive	  SN-­‐38	  glucuronide	  are	   then	   transported	  
from	  the	  bile	  to	  the	  intestines	  by	  transporters	  of	  ATP-­‐Binding	  Cassette	  (ABC)	  genes	  including	  
ABCB1,	  ABCC2	  and	  ABCG2.	  These	  transporters	  are	  found	  in	  a	  wide	  variety	  of	  normal	  tissues	  
are	  also	  associated	  with	  multi-­‐drug-­‐resistance.176.	  
	  	  
Topoisomerase-­‐1	  (Topo-­‐1)	  
Topo-­‐1	   is	   involved	   in	  DNA	  replication	  by	  relaxing	  the	  super-­‐coiled	  helix	  prior	  to	  replication.	  
Its	  inhibition	  results	  in	  single-­‐stranded	  DNA	  breaks.	  It	  is	  overexpressed	  in	  43-­‐51%	  of	  CRCs	  and	  
irinotecan	  works	  by	  inhibiting	  Topo-­‐1,	  resulting	  in	  decreased	  DNA	  replication	  and	  apoptosis	  
177.	   Previous	   studies	   have	   been	   inconclusive	   with	   regards	   to	   its	   predictive	   value	   178,	   179.	   A	  
recent	   UK	   study	   evaluating	   the	   role	   of	   combination	   versus	   sequential	   chemotherapy	   in	  
advanced	  CRC	  patients	  found	  Topo-­‐1	  to	  be	  predictive	  of	  outcome	  and	  that	  patients	  with	  low	  
levels	  of	  Topo-­‐1	  did	  not	  derive	  any	  benefit	   from	   irinotecan	  or	  oxaliplatin	  combinations	   180.	  
Patients	   with	   high	   Topo-­‐1	   levels,	   however	   did	   better	   with	   combination	   rather	   than	  
sequential	   treatment	  with	   an	   increase	   in	  median	   survival	   benefit	   180.	   The	  Dutch	  Colorectal	  
Cancer	  Group	  attempted	   to	   validate	   these	   results	  using	   the	   same	   IHC	   staining	  and	   scoring	  
methods	  in	  another	  large	  clinical	  trial	  (CAIRO	  study)	  but	  preliminary	  results	  did	  not	  confirm	  
the	  correlations	  between	  Topo-­‐1	  levels	  with	  OS	  in	  patients	  treated	  with	  combination	  therapy	  
seen	  in	  the	  earlier	  study	  181.	  Topo-­‐1	  expression,	  therefore,	  is	  not	  recommended	  for	  use	  as	  a	  
predictive	  molecular	  marker.	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Uridine-­‐diphosphoglucuronosyl	  transferase	  (UGT)	  
UGT	   is	   encoded	   by	  UGT1A1	  gene	   and	   the	   enzyme	   activity	   is	   related	   to	   the	   number	   of	   TA	  
repeats	   in	   the	  promoter	   region	  of	  each	  UGT1A1	  allele.	  UGT1A1*28	  has	  7	  TA	   repeats	  while	  
the	  wild-­‐type	  allele	  UGT1A1*1	  has	  6	  TA	  repeats.	  Patients	  homozygous	  for	  UGT1A1*28	  allele	  
have	   been	   shown	   to	   have	   reduced	   levels	   of	   enzyme	   causing	   decreased	   glucorunidation	   of	  
SN-­‐38	   and	   increased	   SN-­‐38	   levels.	   As	   a	   result,	   numerous	   studies	   investigating	   the	  
relationship	   between	  UGT1A1*28	   and	   irinotecan-­‐induced	   toxicities	   have	   been	   conducted.	  
The	   findings	   established	   that	   patients	   with	   UGT1A1*28/*28	   genotype	   have	   increased	  
haematological	   toxicities	   and	   require	   lower	   starting	   doses	   of	   irinotecan.	   The	   UGT1A1*28	  
allele	  has	  also	  been	  associated	  with	  increased	  risk	  of	  grade	  3-­‐4	  diarrhoea.	  In	  November	  2004,	  
the	   US	   Food	   and	   Drug	   Administration	   Advisory	   Committee	   on	   Pharmaceutical	   Services	  
advised	   the	   manufacturer	   of	   irinotecan	   to	   include	   the	   above	   information	   in	   the	   Product	  
Information.	   Their	   recommendations,	   therefore,	   is	   to	   start	   patients	   homozygous	   for	  
UGT1A1*28	  allele	  at	  a	  “lower	  dose”	  without	  clear	  dose	  specifications.	  A	  diagnostic	  kit	  to	  test	  
for	  UGT1A1*28/*28	  was	   subsequently	  approved	   in	  August	  2005	  based	  on	   these	   results	   182	  
183.	  A	  meta-­‐analyses	  by	  Hoskins	  et	   al	   (2007)	   184	   concluded	   that	   the	   risks	  of	  haematological	  
toxicities	   were	   greater	   when	   patients	   with	   UGT1A1*28/*28	   genotype	   are	   treated	   with	  
medium	   and	   high	   irinotecan	   doses	   compared	   to	   patients	   with	   a	   UGT1A1*1/*28	   or	  
UGT1A1*1/*1	   genotype	   184.	   The	   risks	   of	   haematological	   toxicities	   are	   however,	   similar	   for	  
patients	   with	   all	   genotypes	   when	   lower	   doses	   of	   irinotecan	   100–125mg/m2	   is	   used.	   In	  
contrast,	  results	  from	  a	  recent	  UK	  clinical	  trial	  (MRC	  FOCUS)	  using	  high	  dose	  irinotecan	  have	  
shown	  no	  correlation	  between	  UGT1A1*28	  and	  toxicity	  185.	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UGT1A1*28	   polymorphisms	   appear	   to	   be	   associated	   with	   predicting	   toxicities	   but	   not	  
treatment	   outcomes	   or	   survival	   in	   patients	   with	   metastatic	   CRC	   186.	   Alternative	   UGT1A1	  
allele	  or	  haplotypes	  such	  as	  UGTA17*3	  may	  therefore	  be	  useful	  in	  predicting	  neutropenia	  in	  
patients	   treated	   with	   irinotecan	   187.	   More	   recently,	   alternative	   UGT1A1	   allele	   such	   as	  
UGT1A7	   or	   haplotypes	   have	   also	   been	   shown	   to	   be	   potentially	   useful	   in	   predicting	  
neutropenia	   in	  patients	  treated	  with	   irinotecan	  187.	  This	   is	  suggestive	  that	  the	  UGT1A	   locus	  
might	  be	  important	  rather	  than	  a	  single	  SNP.	  Further	  studies	  might	  be	  aimed	  at	  genotyping	  
multiple	  polymorphisms	  across	  UGT1A1,	  UGT1A7	  and	  UGT1A9	  and	  assessing	  haplotypes	  for	  
the	  prediction	  of	  irinotecan-­‐related	  toxicities.	  	  	  
	  
3.5	   Biomarkers	   of	   response	   to	   targeted	   monoclonal	   antibodies	   -­‐	   Epidermal	   growth	  
factor	  receptor	  (EGFR)	  inhibitors	  
	  
The	  EGFR	  inhibitors	  cetuximab	  and	  panitumumab	  have	  been	  shown	  to	  improve	  PFS	  and	  OS	  
in	   mCRC	   either	   used	   alone	   or	   in	   combination	   with	   chemotherapy.	   Cetuximab	   (a	   chimeric	  
anti-­‐EGFR	  monoclonal	  antibody)	  has	  been	  shown	   to	  be	  effective	   in	  both	   first-­‐line	   39,	  40	   and	  
chemotherapy	  refractory	  settings	  188,	  189	  while	  panitumumab	  (a	  fully	  humanised	  monoclonal	  
antibody)	   has	   demonstrated	   efficacy	   in	   the	   chemotherapy-­‐refractory	   setting	   34	   with	  
preliminary	  results	  reported	  in	  the	  first-­‐line	  setting	  190.	  Recently,	  two	  large	  RCTs	  (PACCE	  and	  
CAIRO-­‐2)	   have	   reported	  detrimental	   effects	   of	   dual-­‐antibody	  use	   in	  mCRC	  with	  both	   EGFR	  
and	  VEGF	  inhibitors	  38,	  191.	  	  
Several	   recent	   reviews	  have	   summarised	  our	   current	   understanding	  of	   the	   EGFR	   signalling	  
pathway	  and	  the	  mechanisms	  of	  the	  two	  classes	  of	  EGFR	  antagonists;	  anti-­‐EGFR	  monoclonal	  
antibodies	  and	  small	  molecule	  tyrosine	  kinase	  inhibitors	  in	  malignancy	  192-­‐195.	  EGFR	  activation	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leads	   to	   signalling	   through	   two	   intracellular	   pathways	   (1)	   the	   RAS-­‐RAF-­‐MAPK	   pathway	  
responsible	  for	  gene	  transcription,	  cell-­‐cycle	  progression	  and	  cell	  proliferation	  and	  (2)	  PI3K-­‐
Akt/mTOR	  pathway	   responsible	   for	  anti-­‐apoptosis	  and	  prosurvival	   signals	   193,	  195.	  Anti-­‐EGFR	  
mABs	   block	   downstream	   EGFR	   signalling	   pathways	   by	   binding	   through	   the	   extracellular	  
domain	  of	  EGFR	  and	  competing	  for	  receptor	  binding	  by	  occlusion	  of	  the	  ligand-­‐binding	  region	  
193.	  Various	  molecular	  biomarkers	  have	  been	  investigated	  as	  predictors	  of	  anti-­‐EGFR	  efficacy	  
and	  include	  (1)	  markers	  of	  EGFR	  expression,	  (2)	  mutations	  in	  the	  Ras/Raf/MAPK	  pathway,	  (3)	  
mutations	   in	   the	  PTEN/PIK3A/mTOR	   pathway,	   (4)	   genetic	   variations	   in	   the	   EGFR	   signalling	  
pathway	   and	   recent	   evidence	   of	   (5)	   EGF	   ligand	   expression.	   Siena	   et	   al	   (2009)	   recently	  
published	  a	  comprehensive	  review	  summarising	  biomarkers	  for	  the	  use	  of	  EGFR	  inhibitors	  in	  
mCRC	  196	  which	  is	  beyond	  the	  scope	  of	  this	  review.	  However,	  a	  summary	  of	  recent	  evidence,	  
in	  particular	  of	  several	  practice	  changing	  biomarkers	  including	  KRAS	  mutation	  are	  discussed	  
below.	  
	  
3.5.1	   Markers	  of	  EGFR	  expression	  (protein,	  mRNA	  and	  gene	  copy	  numbers)	  
EGFR	   protein	   expression	   (IHC)	   was	   an	   initial	   selection	   criteria	   for	   inclusion	   of	   patients	   in	  
many	   earlier	   clinical	   trials	   of	   cetuximab	   and	   thought	   to	   be	   correlated	   with	   EGFR	   mAB	  
response.	   However,	   numerous	   studies	   have	   demonstrated	   no	   correlation	   between	   EGFR	  
protein	   expression	   and	   cetuximab	   efficacy	   188,	   189,	   197,	   198.	   One	   small	   study	   (n=16)	  
demonstrated	   tumour	   response	   to	   cetuximab	   irrespective	   of	   EGFR	   IHC	   status	   with	   25%	  
(4/16)	  of	  patients	  responding	  to	  treatment	  despite	  EGFR	  IHC	  negative	  status	  199.	  Valbohmer	  
et	  al	  examined	  the	  association	  between	  mRNA	  content	  and	  cetuximab	  efficacy	  and	  found	  a	  
trend	  towards	   longer	  OS	   in	  patients	  with	   lower	  mRNA	  content	   198.	  These	  results	  prompted	  
studies	   assessing	   the	   predictive	   value	   of	   EGFR	   gene	   amplification	   with	   fluorescent	   in	   situ	  
 
 
70	  	  
hybridisation	  (FISH)	  and	  chromogenic	  in	  situ	  hybridisation	  (CISH)	  35,	  43,	  200-­‐204.	  Increased	  gene	  
copy	  number	  has	  been	  shown	  to	  be	  associated	  with	  improved	  tumour	  response	  35,	  200-­‐204,	  PFS	  
or	   TTP	   200,	   202	   and	   OS	   189,	   200,	   203	   with	   one	   study	   showing	   no	   relationship	   between	   gene	  
amplification	  and	   tumour	   response	  or	   survival	   43.	  Although	   these	   results	   are	  promising	   for	  
the	   use	   of	   gene	   amplification	   as	   a	   predictive	   marker,	   difficulties	   with	   standardisation	   of	  
methods	   with	   appropriate	   threshold	   scores	   have	   limited	   its	   use	   in	   clinical	   practice.	   The	  
presence	   of	   EGFR	   tyrosine	   kinase	   domain	   mutations	   has	   been	   shown	   to	   be	   a	   significant	  
predictive	   factor	   for	   efficacy	  of	   the	   small	  molecule	   tyrosine	   kinase	   inhibitors,	   gefitinib	   and	  
erlotinib	   in	   non-­‐small	   cell	   lung	   cancer	   205.	   However,	   two	   studies	   have	   shown	   that	   EGFR	  
tyrosine	   kinase	   domain	  mutations	   are	   rare	   in	   CRC	   and	   therefore	   not	   a	   useful	   predictor	   of	  
outcome	  43,	  206.	  
	  
3.5.2	   Markers	  in	  the	  Ras/Raf/MAPK	  pathway	  
Mutations	  in	  KRAS	  are	  the	  most	  commonly	  described	  in	  the	  Ras/Raf/MAPK	  pathway	  in	  CRC	  
with	   between	   one	   third	   to	   half	   of	   patients	   with	   colorectal	   adenocarcinomas	   harboring	   a	  
KRAS	   mutation	   34,	   36,	   38,	   45,	   189,	   196	   most	   commonly	   in	   codons	   12	   and	   13	   207.	   The	   prognostic	  
significance	   of	   KRAS	   is	   unclear	   with	   a	   large	   collaborative	   trial	   (RASCAL2)	   indicating	   one	  
particular	   mutation	   in	   codon	   12	   (glycine	   to	   valine)	   of	   the	   KRAS	   gene	   having	   a	   significant	  
impact	   on	   survival	   in	   Duke’s	   Stage	   C	   cancer	   208	   although	   this	   has	   not	   been	   confirmed	   in	  
preliminary	  results	  from	  a	  translation	  sub	  study	  of	  a	  large	  adjuvant	  trial	  (PETACC-­‐3)	  in	  stage	  II	  
and	  III	  colon	  cancer	  209.	  Similarly,	  several	  monotherapy	  trials	  of	  EGFR	  monoclonal	  antibodies	  
versus	  best	   supportive	   care	   (BSC)	  have	  not	   shown	  KRAS	   status	  as	   an	   important	  prognostic	  
marker	  in	  patients	  receiving	  BSC	  alone	  34,	  41,	  42.	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Several	  retrospective	  single	  arm	  uncontrolled	  studies	  have	  reported	  the	  predictive	  value	  of	  
KRAS	  mutational	   analysis	   in	  patients	   receiving	   cetuximab,	  panitumumab	  or	   cetuximab	  plus	  
chemotherapy	   in	   the	  mCRC	   setting	   (see	   Table	   9).	   These	   findings	   have	   been	   subsequently	  
investigated	   in	   retrospective	   KRAS	   mutational	   analysis	   from	   five	   RCTs	   38-­‐42	   leading	   to	  
incorporation	  of	  KRAS	  mutational	  analysis	  into	  the	  National	  Comprehensive	  Cancer	  Network	  
(NCCN)	  Guidelines,	  American	  Society	  of	  Clinical	  Oncology	  (ASCO)	  recommendations	  with	  the	  
Europeans	  Medicine	  Agency	  restricting	  prescription	  of	  anti-­‐EGFR	  mAB	  therapy	  only	  to	  those	  
with	  WT	  KRAS	  tumours	  47,	  48.	  Amado	  et	  al	  (2008),	  using	  data	  from	  a	  large	  RCT,	  reported	  that	  
panitumumab	  monotherapy	  efficacy	  in	  mCRC	  was	  limited	  to	  patients	  with	  WT	  KRAS	  tumours	  
only	  41.	  The	  treatment	  effect	  on	  PFS	  in	  the	  WT	  KRAS	  group	  (HR	  0.45;	  95%	  CI	  0.34	  0.59)	  was	  
significantly	  greater	  (p<0.0001)	  than	  in	  the	  mutant	  group	  (HR	  0.99;	  95%	  CI	  0.73-­‐	  1.36).	  Unlike	  
previous	  single	  arm	  uncontrolled	  studies,	   the	  presence	  of	  a	  control	   (BSC)	  arm	   in	   this	  study	  
enabled	  the	  study	  of	  the	  relative	  effect	  of	  panitumumab	  monotherapy	  by	  KRAS	  mutational	  
status	   independent	   of	   the	   potential	   prognostic	   influences	   of	   KRAS	   mutations	   on	   clinical	  
outcomes	   41.	   Karapetis	   et	   al	   (2008)	   confirmed	   the	   predictive	   value	   of	  KRAS	  mutation	   on	   a	  
similar	  study	  population	  treated	  with	  cetuximab	  or	  BSC	  with	  cetuximab	  efficacy	  limited	  only	  
to	  patients	  with	  WT	  KRAS	  status	  (p=0.001	  and	  p<0.001	  for	  the	  interaction	  of	  KRAS	  mutational	  
analysis	  and	  OS	  and	  PFS	  respectively)	   42.	   In	   this	  study,	  patients	  with	  WT	  KRAS	   treated	  with	  
cetuximab	  as	  compared	  to	  BSC	  alone	  had	  significantly	   improved	  OS	  (median	  9.5	  versus	  4.8	  
months;	   HR	   for	   death	   0.55;	   95%CI	   0.41-­‐	   0.74;	   p<0.001)	   and	   PFS	   (median	   3.7	   versus	   1.9	  
months;	  HR	  for	  progression	  or	  death	  0.40;	  95%CI	  0.30-­‐	  0.54;	  p<0.001)	  42.	  Three	  subsequent	  
studies	  have	  examined	  the	  use	  of	  cetuximab	  in	  the	  first-­‐line	  metastatic	  setting	  in	  addition	  to	  
FOLFOX-­‐439,	  FOLFIRI	  40	  or	  bevacizumab,	  capecitabine	  and	  oxaliplatin	  38	  confirming	  improved	  
outcomes	  (RR	  and/or	  PFS)	  for	  patients	  with	  WT	  KRAS	  status	  (see	  Table	  8)	  Final	  results	  of	  the	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impact	  of	  KRAS	  status	  on	  patients	  receiving	  first-­‐line	  cetuximab	  and	  an	  oxaliplatin-­‐containing	  
regimen	  (MRC	  COIN)	  are	  anticipated	  210.	  	  
Although	  the	  presence	  of	  KRAS	  mutation	  is	  highly	  predictive	  of	  non-­‐response	  to	  EGFR	  mABs,	  
only	   40-­‐60%	   of	   patients	   with	   WT	   KRAS	   response	   to	   these	   treatments,	   indicating	   the	  
importance	   of	   other	   molecular	   markers	   in	   the	   Ras/Raf/MAPK	   pathway.	   Recently,	   several	  
authors	  have	  reported	  the	  importance	  of	  BRAF,	  the	  principal	  downstream	  effector	  of	  KRAS	  in	  
predicting	  outcomes	  to	  EGFR	  mAB	  45,	  204,	  211,	  212.	  The	  prevalence	  of	  a	  BRAF	  point	  mutation	  at	  
codon	  600	  (a	  single	  base-­‐pair	  substitution	  in	  exon	  15)	  has	  been	  reported	  between	  3-­‐13%	  and	  
always	  mutually	   exclusive	   to	   the	   presence	   of	  KRAS	  mutations.	   Two	   studies	   have	   reported	  
that	   the	   combination	   of	   KRAS	   and	   BRAF	   mutations	   was	   associated	   with	   poor	   clinical	  
response,	   PFS	   and	  OS	   204,	  212	   in	   concordance	  with	   a	   smaller	   study	   (n=48)	   reporting	   poorer	  
outcomes	   with	   the	   presence	   of	   either	   KRAS	   or	   BRAF	   mutation	   in	   patients	   treated	   with	  
cetuximab	  or	  panitumumab	  45.	  Preliminary	  results	  from	  the	  CAIRO-­‐2	  study	  investigating	  the	  
use	  of	  dual	  mABs	  (bevacizumab	  and	  cetuximab)	  in	  the	  first-­‐line	  setting	  have	  shown	  that	  the	  
presence	   of	   MT	   BRAF	   (45/516	   patients)	   was	   associated	   with	   decreased	   PFS	   and	   OS	   in	  
patients	  treated	  with	  chemotherapy,	  bevacizumab	  with	  or	  without	  the	  addition	  of	  cetuximab	  
211	   suggesting	   that	   BRAF	  may	   be	   an	   important	   prognostic	   rather	   than	   predictive	   marker.	  
These	   results	  warrant	   confirmation	   from	  other	   large	   prospective	   RCTs,	   similar	   to	  KRAS,	   to	  
assess	  its	  utility	  in	  this	  setting.	  	  
	  
3.5.3	   Markers	  in	  the	  PTEN/P13K/Akt	  pathway	  
Apart	   from	   genetic	   alterations	   in	   the	   Ras/Raf/MAPK	   pathway,	   recent	   studies	   have	   also	  
examined	  molecular	  markers	   in	   the	  PTEN/P13K/Akt	   pathway	  with	   in	   vitro	   studies	   showing	  
cell	   lines	  with	  PIK3CA,	  KRAS	  and	  BRAF	  mutations	  plus	  PTEN	  null	  were	  the	  most	  resistant	  to	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cetuximab	   54.	   Several	   exploratory	   studies	   investigating	   PTEN	   protein	   expression	   and	   gene	  
amplification,	  PIK3CA	  mutation	  and	  phosphorylated	  Akt	  have	  been	  reported	  53,	  55,	  213-­‐216	  (see	  
Table	  10).	  Loss	  of	  PTEN	  protein	  expression	  has	  been	  associated	  with	   lack	  of	  response	  53,	  55,	  
PFS	  214	  and	  OS	  204.	  However,	  Razis	  et	  al	  (2008)	  showed	  no	  association	  between	  PTEN	  protein	  
expression	   (IHC)	  and	  clinical	  outcomes	  although	   the	   lack	  of	  PTEN	   gene	  amplification	   (FISH)	  
was	  associated	  with	   improved	  RR	  and	  TTP.	  Sartore-­‐Bianchi	  et	  al	   (2008)	  showed	  that	  either	  
presence	  of	  PIK3CA	  mutation	  or	  loss	  of	  PTEN	  expression	  was	  associated	  with	  shorter	  PFS	  55.	  
Furthermore,	  the	  authors	  suggested	  that	  patients	  whose	  tumours	  were	  also	  MT	  KRAS	  would	  
identify	   70%	   of	   patients	   who	   were	   unlikely	   to	   respond	   to	   cetuximab	   or	   panitumumab.	  
Prenen	   et	   al	   (2009),	   however	   in	   a	   large	   study	   of	   200	   patients	   treated	  with	   cetuximab	   +/-­‐	  
irinotecan	  in	  the	  chemorefractory	  setting	  failed	  to	  find	  an	  association	  between	  seven	  point	  
mutations	  in	  the	  PIK3CA	  gene	  and	  clinical	  response	  to	  cetuximab	  216.	  Although	  these	  results	  
are	  promising,	  confirmation	   in	   large	  RCTs	  are	  needed	  before	  these	  molecular	  markers	  may	  
be	  employed	  in	  the	  clinical	  setting.	  
	  
3.5.4	   	  Genomic	  polymorphisms	  in	  the	  EGFR	  signalling	  pathway	  and	  ligand	  expression	  
The	   potential	   role	   of	   genomic	   polymorphisms	   in	   the	   EGFR	   signalling	   pathway	   217-­‐220	   and	  
ligand	   expression	   such	   as	   amphiregulin	   and	   epiregulin	   221-­‐223	   as	   predictors	   of	   clinical	  
outcomes	  to	  EGFR	  mABs	  are	  promising.	  The	  role	  of	  antibody-­‐dependent	  cellular	  cytotoxicity	  
mediated	   through	   the	   fragment	  C	   receptors	   (FcR)	  of	   immune	  effector	  cells	  and	   the	   role	  of	  
SNPs	  in	  FcR	  genes	  have	  also	  been	  investigated	  in	  patients	  with	  mCRC	  treated	  with	  cetuximab	  
224,	  225.	  Although	  the	  results	  from	  these	  studies	  are	  divergent,	  these	  and	  other	  studies	  of	  SNPs	  
in	   the	  FcR	  genes	   in	  other	  cancers	   such	  as	  breast	  cancer	  and	  non-­‐Hodgkin’s	   lymphoma	  and	  
response	  to	  trastuzumab	  and	  rituximab	  deserve	  further	  investigation	  226-­‐228.	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3.6	   Conclusion	  
Significant	   advances	   in	   CRC	   drug	   development	   over	   the	   last	   few	   decades	   has	   not	   been	  
paralleled	  with	  similar	  advances	  in	  clinically	  useful	  biomarkers	  for	  treatment	  selection.	  KRAS	  
mutational	  analysis	  and	  use	  of	  EGFR	  monoclonal	  antibodies	  is	  the	  exception	  to	  this	  and	  has	  
thus	   far,	  been	   the	  only	  useful	  biomarker	  proven	   from	  retrospective	   tumour	   tissue	  analysis	  
from	  prospective	  RCTs.	  Divergent	  and	   inconsistent	   results	   for	   the	  use	  of	  various	  molecular	  
markers	   from	  multiple	   retrospective	   studies	   have	   not	   been	   helpful	   and	   limit	   their	   clinical	  
application.	   Problems	   with	   these	   studies	   have	   included	   differences	   in	   testing	   methods,	  
retrospective	   nature	   of	   studies,	   small	   sample	   size,	   publication	   bias,	   complexity	   of	   CRC	  
mutations	   and	   potential	   differences	   between	   primary	   tumour	   or	   metastatic	   tissue	   as	  
highlighted	  in	  this	  review	  and	  others	  33.	  Baseline	  clinical	  variables	  such	  as	  performance	  status	  
remain	  the	  simplest	  and	  most	  accessible	  predictive	  factors	  for	  treatment	  response	  with	  good	  
evidence	   for	   it	   use	   although	   these	   do	   not	   discriminate	   for	   different	   available	   treatment	  
options.	  
There	  have	  been	  recommendations	  for	  improved	  and	  more	  rationally	  designed	  clinical	  trials	  
with	   incorporation	  of	  tumour	  markers	  and	  uniform	  reporting	  61,	  62,	  229.	  Several	  authors	  have	  
proposed	  a	  nested	  case-­‐control	  design	  which	   involves	  prospective-­‐specimen-­‐collection	  and	  
retrospective	   blinded	   evaluation	   (PRoBE)	   where	   biological	   specimens	   are	   prospectively	  
collected	   from	  a	   cohort	   representing	   the	   target	  population	   that	   is	   envisioned	   for	   a	   clinical	  
biomarker	   59,	   60.	   These	   are	   costly	   and	   complicated,	   however	   may	   address	   some	   of	   the	  
problems	  of	  baseline	  inequality	  or	  biases	  60,	  230	  inherent	  in	  small,	  retrospective,	  uncontrolled	  
studies.	  However,	  these	  studies	  may	  prove	  more	  cost-­‐effective	  in	  the	  end	  if	  these	  limit	  false	  
discoveries	  but	  require	  collaboration,	  planning	  and	  resources.	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Table	  1.	  Baseline	  patient	  and	  cancer-­‐related	  clinical	  predictive	  factors	  
Variable	   Study	  population	  	   Main	  Findings	  
Age	   Pooled	  data	  from	  large	  RCTs	  	  
and	  population-­‐based	  registries	  
of	  5-­‐fluorouracil	  alone,	  
oxaliplatin	  and	  irinotecan-­‐based	  
doublets	  65,	  66,	  68-­‐72,	  76-­‐79	  
	  
Small	  number	  of	  patients	  ≥	  80	  in	  
clinical	  trials	  
Evidence	  suggest	  no	  differences	  in	  
outcomes	  (RR,	  PFS,	  and	  OS)	  
between	  elderly	  (≥	  70)	  and	  
younger	  (<	  70)	  populations	  
	  
Some	  studies	  suggest	  increased	  
toxicity	  in	  elderly	  population,	  in	  
particular	  ≥	  grade	  3	  
haematological	  toxicity,	  	  
	  
No	  differences	  in	  60-­‐day	  mortality	  	  
Gender	   Small	  exploratory	  analyses	  of	  
older	  regimens	  and	  5-­‐
fluourouracil	  alone	  
chemotherapy	  with	  treatment	  
outcomes	  81	  231,	  232	  
	  
Exploratory	  subset	  analyses	  and	  
pooled	  data	  from	  RCTs	  of	  5-­‐
fluorouracil	  alone	  analysed	  for	  
toxicity	  differences	  77-­‐79,	  233-­‐235	  	  
	  
No	  trials	  reporting	  gender-­‐
related	  differences	  with	  
combination	  chemotherapy	  
Limited	  evidence	  to	  support	  more	  
favourable	  outcomes	  in	  female	  
patients	  
	  
Substantial	  evidence	  for	  increased	  
severe	  mucositis	  and	  leukopenia	  
in	  female	  patients;	  some	  evidence	  
for	  increased	  diarrhoea,	  alopecia	  
and	  hand-­‐foot	  syndrome	  
	  
Performance	  
Status	  (PS)	  
Pooled	  data	  from	  large	  
randomised	  5-­‐fluorouracil	  based	  
phase	  III	  and	  individual	  trials	  29,	  
32,	  80-­‐87	  
Substantial	  evidence	  to	  support	  
worse	  RR,	  PFS	  and	  OS	  for	  patients	  
with	  PS	  >	  2	  
	  
Some	  evidence	  to	  suggest	  worse	  
non-­‐haematological	  toxicities	  and	  
60-­‐day	  mortality	  for	  patients	  with	  
PS	  >2	  
Ethnicity	   Pooled	  data	  from	  adjuvant	  RCTs	  
and	  population-­‐based	  registries	  
72,	  236-­‐239	  
	  
Exploratory	  studies	  examining	  
racial	  differences	  and	  
pharmacogenetics	  93,	  240	  
Evidence	  from	  pooled	  adjuvant	  
trials	  and	  hospital	  cancer	  
registries	  to	  support	  worse	  overall	  
survival	  for	  African-­‐Americans	  	  
	  
Insufficient	  evidence	  to	  suggest	  
differences	  in	  pharmacogenetics	  
may	  explain	  differences	  in	  
outcomes	  and	  adverse	  events	  
Body	  mass	  
index	  (BMI)	  
Two	  studies	  with	  pooled	  data	  
from	  large	  RCT	  adjuvant	  trials	  88,	  
89	  
Inverse	  relationship	  between	  
weight	  and	  survival	  with	  some	  
evidence	  of	  gender	  and	  obesity	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interaction	  	  
	  
No	  clinically	  significant	  differences	  
in	  chemotherapy	  toxicity	  
Other	  clinical	  
variables	  
Several	  studies	  have	  examined	  
number	  and	  sites	  of	  metastases,	  
presence	  of	  symptoms,	  weight	  
loss,	  primary	  tumour	  type	  and	  
resection	  of	  primary	  tumour	  32,	  
85,	  87,	  92-­‐95	  
Some	  evidence	  to	  support	  >	  1	  
disease	  site	  and	  visceral	  
metastases	  as	  prognostic	  variables	  
	  
A	  few	  studies	  support	  presence	  of	  
symptoms	  and	  >	  5%	  weight	  loss	  as	  
poor	  prognostic	  variables	  
	  
Insufficient	  evidence	  to	  support	  
resection	  of	  primary	  tumour	  for	  
asymptomatic	  synchronous	  stage	  
IV	  CRC	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Table	  2.	  Association	  of	  Thymidylate	  synthase	  polymorphisms	  with	  5-­‐fluorouracil	  
chemotherapy	  
Study	   Treatment	  
Setting	  
Specimens	   Findings/	  Results	  
Lecomte	  et	  al	  
(2004)	  111	  
99	  patients	  
treated	  with	  5FU	  
(34	  adjuvant,	  65	  
palliative)	  
Tumour	  and	  colon	  
tissue	  specimens;	  
tumour	  genotyping	  
TSER	  2R/2R	  correlated	  with	  
increased	  side	  effects.	  	  
No	  correlation	  with	  survival	  
or	  response	  in	  advanced	  CRC	  
patients	  
Iacopetta	  et	  al	  
(2001)	  114	  
221	  Stage	  III	  
patients	  (117	  
treated	  with	  5FU	  
chemo,	  104	  
untreated)	  
Tumour	  specimens	   TSER	  3R/3R	  associated	  with	  
worse	  survival	  compared	  to	  
2R/2R	  or	  2R/3R	  
Tsuji	  et	  al	  (2003)	  
115	  
135	  Stage	  I–III	  
patients	  treated	  
with	  5FU	  based	  
adjuvant	  
chemotherapy	  
(UFT,	  carmufor)	  
Tumour	  specimens;	  
PCR	  (genomic	  DNA)	  
and	  direct	  
sequencing	  
No	  correlation	  observed	  
between	  the	  TSER	  genotypes	  
and	  DFS	  or	  OS	  
Schwab	  et	  al	  
(2008)	  112	  
620	  patients	  
treated	  with	  5FU	  
monotherapy	  
(523	  adjuvant,	  97	  
metastatic	  
setting)	  
Leucocyte	  
specimens	  	  
TSER	  3R/3R	  and	  2R/3R	  
genotypes	  associated	  with	  
lower	  overall	  toxicity	  and	  
diarrhoea	  
Pullarkat	  et	  al	  
(2001)	  241	  
50	  patients	  
treated	  with	  5FU-­‐
based	  
chemotherapy,	  
metastatic	  setting	  
Tumour	  specimens;	  	  
TS	  mRNA	  
TSER	  2R/2R	  associated	  with	  
higher	  RR.	  TSER	  3R/3R	  
associated	  with	  fewer	  
toxicities	  
Etienne	  et	  al	  
(2002)	  110	  
103	  patients	  
treated	  with	  5FU-­‐
based	  
chemotherapy,	  
metastatic	  setting	  
88	  liver	  metastases	  
and	  50	  primary	  
tumours	  
TSER	  2R/2R	  in	  primary	  
tumour	  resulted	  in	  longer	  
survival.	  
	  
Park	  et	  al	  (2002)	  
113	  
24	  patients	  
treated	  with	  oral	  
capecitabine,	  
metastatic	  setting	  
White	  blood	  cell	  
samples	  –	  genomic	  
DNA	  extracted	  for	  
genotyping	  
TSER	  2R/2R	  resulted	  in	  
improved	  RR	  
Dotor	  et	  al	  (2006)	  
119	  
129	  Dukes	  B,	  C	  &	  
D	  patients	  
treated	  with	  
adjuvant	  5FU	  
post	  liver	  
resection	  
Fresh	  frozen	  tissue	  
of	  tumour	  and	  
adjacent	  normal	  
colon;	  TS	  genotyping	  
(2R/3R	  repeat,	  G/C	  
SNP,	  TS	  1494del6)	  
TSER	  3R/3R	  and	  TS1494del6	  	  
	  -­‐6bp/-­‐6bp	  associated	  with	  
improved	  survival	  
TS	  G/C	  SNP	  not	  prognostic	  	  
TS	  3R/-­‐6bp	  haplotype	  
associated	  with	  improved	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survival	  compared	  to	  
2R/+6bp	  	  
Hitre	  et	  al	  (2005)	  
120,	  242	  
166	  Dukes	  B2	  and	  
C	  patients	  treated	  
with	  5FU,	  
adjuvant	  setting	  	  
Peripheral	  
mononuclear	  cells;	  
TS	  (2R/3R	  repeat	  
and	  TS	  1494del6)	  
genotyping	  
TSER	  3R/3R	  with	  any	  
TS1494del6	  plus	  TSER2R/3R	  
and	  TS	  +6bp/+6bp	  genotype	  
associated	  with	  longer	  DFS	  
and	  OS.	  	  
Lurje	  et	  al	  
(2008)121	  	  
197	  Stage	  II	  and	  
III	  patients	  
treated	  with	  5FU,	  
adjuvant	  setting	  
	  	  
Blood	  samples;	  
Genotyping	  TS	  
polymorphisms	  	  	  	  (TS	  
2R/3R	  repeat,	  G/C	  
SNP	  and	  TS	  
1494del6)	  
Separated	  groups	  according	  
to	  low,	  intermediate	  and	  high	  
TS	  expression.	  	  
Patients	  with	  TS	  3RG/+6bp	  
haplotype	  had	  highest	  risk	  of	  
recurrence	  
	  
Marcuello	   et	   al	  
(2004)	  122	  
89patients	  
treated	  with	  5FU-­‐
based	  
chemotherapy,	  
metastatic	  setting	  
	  
Blood	   samples;	  
Genotyping	   TS	  
polymorphisms	  	  
(TSER	   2R/3R	   repeat,	  
G/C	  SNP)	  
Low	   expression	   (2R/2R,	  
2R/3C,	   3C/3C)	   	   group	   had	  
increased	   RR	   	   and	   longer	  
median	  OS	  
Graziano	  et	  al	  
(2008)	  118	  
80	  patients	  
treated	  with	  5FU-­‐
based	  
chemotherapy,	  
metastatic	  setting	  
(liver	  only	  
disease)	  
Blood	  samples;	  
Genotyping	  TS	  
polymorphisms	  	  	  	  
(TSER	  2R/3R	  repeat,	  
G/C	  SNP	  and	  TS	  
1494del6)	  
High	  expression	  (2R/3G,	  
3C/3G,	  3G/3G)	  group	  
associated	  with	  lower	  RR	  
Sharma	  et	  al	  
(2008)	  123	  
56	  patients	  
treated	  with	  
capecitabine,	  
metastatic	  setting	  
Blood	  samples;	  
Genotyping	  TS	  
polymorphisms	  	  	  	  
(TSER	  2R/3R	  repeat,	  
G/C	  SNP	  and	  TS	  
1494del6)	  
No	  correlation	  between	  
TYMS	  genotypes	  and	  toxicity	  
Morganti	  et	  al	  
(2005)	  124	  
42	  Dukes	  B–D	  
patients	  treated	  
with	  “adjuvant”	  
5FU-­‐based	  
chemotherapy	  	  
Tumour	  and	  normal	  
colon	  mucosa;	  
Genotyping	  TS	  
polymorphisms	  	  	  	  (TS	  
2R/3R	  repeat	  and	  
G/C	  SNP)	  
No	  correlation	  between	  
TYMS	  genotypes	  and	  clinical	  
outcomes	  
Gusella	  et	  al	  
(2009)117	  
130	  Stage	  B2	  and	  
C	  patients	  treated	  
with	  5FU,	  
adjuvant	  setting	  	  
130	  consecutive	  
peripheral	  leukocyte	  
specimens;	  
Genotyping	  TS	  
polymorphisms	  	  	  	  (TS	  
2R/3R	  repeat	  and	  
G/C	  SNP)	  
No	  correlation	  between	  
TYMS	  genotypes	  and	  toxicity	  
or	  outcome	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Abbreviations:	  5FU	  -­‐	  5-­‐fluorouracil.	  TSER	  -­‐	  Thymidylate	  Synthase	  Enhancer	  Region.	  	  
TS	  -­‐	  Thymidylate	  Synthase.	  SNP	  -­‐	  Single	  nucleotide	  polymorphisms.	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Table	  3.	  Association	  of	  dihydropyrimidine	  dehydrogenase	  (DPD)	  and	  thymidine	  
phosphorylase	  (TP)	  expression	  with	  5-­‐fluorouracil-­‐based	  chemotherapy	  
Study	   Treatment	  Setting	   Specimens	   Results	  
Van	  Triest	  et	  
al	  (2000)	  140	  
32	  Stage	  A	  –	  D	  patients	  
treated	  with	  or	  without	  
adjuvant	  chemotherapy	  	  
Tissue	  
specimens;	  
IHC	  
Low	  TP	  expression	  correlated	  
with	  longer	  DFS	  
Meropol	  et	  al	  
(2006)	  141	  
67	  patients	  treated	  with	  
capecitabine	  and	  
irinotecan,	  metastatic	  
setting	  
Tissue	  
specimens;	  
IHC	  and	  RT-­‐
PCR	  
TP	  expression	  by	  IHC	  in	  
primary	  tumour	  and	  
metastases	  correlated	  with	  
OS	  
Ciaparrone	  et	  
al	  (2007)	  134	  
62	  Stage	  B	  &	  C	  patients	  
treated	  5FU,	  adjuvant	  
setting	  	  
Tumour	  
specimens;	  
DPD,	  TS	  and	  
TP	  (IHC)	  
Low	  DPD	  (and	  TS)	  expression	  
correlated	  with	  longer	  DFS	  
and	  OS	  in	  stage	  C	  patients.	  	  
No	  significant	  correlation	  of	  
TP	  expression	  with	  outcome	  
Tokunaga	  et	  al	  
(2007)	  135	  
150	  Stage	  II	  –	  IV	  patients	  
treated	  with	  UFT,	  adjuvant	  
setting	  
Tissue	  
specimens;	  
DPD	  (IHC)	  
Low	  DPD	  expression	  
correlated	  with	  improved	  OS	  
Vallbohmer	  et	  
al	  (2007)136	  
37	  metastatic	  CRC	  treated	  
with	  capecitabine	  
Tissue	  
specimens;	  
RT-­‐PCR	  
Low	  DPD	  levels	  correlated	  
with	  longer	  DFS	  and	  increased	  
RR	  
Soong	  et	  al	  
(2008)	  127	  
945	  Stage	  II	  &	  III	  patients	  
(39%	  had	  surgery	  and	  
adjuvant	  5FU	  and	  61%	  had	  
surgery	  only)	  	  
Consecutive	  
primary	  
tissue	  
specimens;	  
DPD	  and	  TP	  
(IHC)	  
1.	  Low	  DPD	  expression	  
correlated	  with	  worse	  OS	  in	  
Stage	  II	  and	  III	  CRC	  surgery	  
alone	  patients.	  However,	  
Stage	  III	  CRC	  patients	  who	  
had	  chemotherapy	  had	  better	  
OS	  suggesting	  low	  DPD	  
expression	  associated	  with	  
increased	  5	  FU	  sensitivity	  
2.	  Low	  TP	  levels	  correlated	  
with	  better	  OS	  in	  Stage	  III	  CRC	  
patients	  who	  had	  
chemotherapy;	  but	  not	  
prognostic	  in	  Stage	  II	  &	  III	  
patients	  who	  had	  surgery	  
alone	  
Koopman	  et	  al	  
(2009)	  137	  
556	  patients	  treated	  
capecitabine	  +/-­‐	  
irinotecan,	  metastatic	  
setting	  (CAIRO	  study)	  
Tissue	  
specimens	  
DPD	  and	  TP	  
(IHC)	  
1.	  Low	  DPD	  expression	  
correlated	  with	  improved	  DFS	  
and	  OS	  
2.	  No	  correlation	  of	  TP	  with	  
DFS	  or	  RR	  
Abbreviations:	  IHC	  -­‐	  Immunohistochemistry.	  RT-­‐PCR	  -­‐	  Real-­‐time	  polymerase	  chain	  reaction.	  
5FU	  -­‐	  5-­‐fluorouracil.	  DFS	  -­‐	  Disease-­‐free	  survival.	  OS	  -­‐	  Overall	  survival.	  TS	  -­‐	  Thymidylate	  
Synthase.	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Table	  4.	  Association	  of	  microsatellite	  instability	  (MSI)	  with	  5-­‐fluourouracil-­‐based	  
chemotherapy	  
Study	   Study	  type	   Sample	  
size	  
Stage	   Results	  
Elsaleh	  et	  al	  
(2001)	  148	  
Observational	   656	   III	   MSI-­‐H	  and	  p53+	  tumours	  treated	  with	  
adjuvant	  5FU	  had	  improved	  OS	  
Hemminki	  et	  
al	  (2000)	  149	  
Observational	   95	   III	   3	  year	  DFS	  90%MSI+	  (n=11)	  versus	  
43%MSI-­‐	  (n=84)	  
Ribic	  et	  al	  
(2003)	  153	  
Obs-­‐RCT	   570	   II	  -­‐	  III	   Improved	  clinical	  outcome	  for	  MSI-­‐	  
Stable	  or	  MSI-­‐Low	  Stage	  II	  –	  III	  patients	  
treated	  with	  adjuvant	  5FU-­‐based	  
chemotherapy	  but	  not	  MSI-­‐H	  
Carethers	  et	  
al	  (2004)	  150	  
Observational	   204	   II	  -­‐	  III	   No	  improvement	  in	  median	  OS	  in	  MSI-­‐
H	  patients	  treated	  with	  adjuvant	  5-­‐FU	  
based	  chemotherapy	  
Benatti	  et	  al	  
(2005)	  154	  
Observational	   1263	   I	  -­‐	  IV	   No	  improvement	  in	  OS	  in	  MSI-­‐H/MMR-­‐
deficient	  patients	  treated	  with	  5-­‐FU	  
Jover	  et	  al	  
(2006)	  151	  
Observational	   754	   I	  -­‐	  IV	   No	  improvement	  in	  OS	  in	  MSI-­‐H/MMR-­‐
deficient	  patients	  treated	  with	  5-­‐FU	  
Kim	  et	  al	  
(2007)	  152	  
Obs-­‐RCT	   542	   II	  -­‐	  III	   No	  interaction	  between	  MSI	  status	  and	  
treatment	  for	  DFS	  and	  OS	  
Sargent	  et	  al	  
(2008)	  155	  
Pooled	  
analysis	  of	  
RCTs	  
341	   II	  -­‐	  III	   MSI-­‐H	  patients	  treated	  with	  5FU	  had	  no	  
improved	  DFS	  or	  OS	  
des	  Guetz	  et	  
al	  (2009)	  156	  
Meta	  analysis	   3690	   II-­‐III	   MSI-­‐H	  patients	  did	  not	  derive	  any	  
benefit	  from	  adjuvant	  5-­‐FU.	  MSI-­‐H	  
confirmed	  as	  a	  prognostic	  factor.	  
Bertagnolli	  et	  
al	  (2009)	  157	  
RCT	  	  
	  
723	   III	   Trend	  towards	  longer	  5	  year	  DFS	  
(p=0.07)	  in	  IFL-­‐treated	  patients	  
(0.57;95%CI	  0.42	  to	  0.71)	  with	  MSI-­‐H	  
tumours	  compared	  to	  those	  receiving	  
5FU/LV	  (0.76;95%CI	  0.64	  to	  0.88)	  
Tejpar	  et	  al	  
(2009)	  159	  
RCT	  	   1254	   II-­‐III	   No	  evidence	  of	  benefit	  of	  irinotecan	  
irrespective	  of	  MSI	  status	  
des	  Guetz	  et	  
al	  (2007)162	  
Retrospective	  
study	  
40	   IV	   No	  significant	  differences	  in	  RR,	  PFS	  
and	  OS	  between	  MSI-­‐H	  and	  MSS	  
patients	  
Muller	  et	  al	  
(2008)163	  
RCT	   108	   IV	   Low	  incidence	  of	  MSI-­‐H	  (4%)	  in	  
metastatic	  cohort.	  MSI-­‐H	  patients	  had	  
poorer	  response	  to	  5-­‐FU/Ox	  treatment	  
(p=0.02)	  with	  no	  correlation	  to	  PFS	  or	  
OS.	  
Zaanan	  et	  al	  
(2009)160	  
Retrospective	  
study	  
233	   III	   In	  patients	  with	  MSI-­‐H	  tumours,	  
5FU/Ox	  significantly	  improved	  3-­‐year	  
DFS	  compared	  to	  5FU	  (100%	  versus	  
58%,	  p=0.01)	  
Chua	  et	  al	   Retrospective	   118	   IV	   MSI	  not	  associated	  with	  RR,	  PFS	  or	  OS	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(2009)164	   study	   in	  patients	  treated	  with	  5-­‐FU/Ox	  
chemotherapy	  
Kim	  et	  al	  
(2009)161	  
Retrospective	  
study	  
135	   II-­‐IV	   MSI	  not	  associated	  with	  outcomes	  to	  
FOLFOX	  adjuvant	  chemotherapy	  
Kim	  et	  al	  
(2009)165	  
Retrospective	  
study	  
171	   IV	   MMR	  status	  not	  predictive	  of	  response,	  
PFS	  or	  OS	  in	  patients	  receiving	  FOLFOX	  
or	  CAPOX	  1st	  line	  chemotherapy	  
Abbreviations:	  Obs-­‐RCT	  -­‐	  Observational-­‐Randomised	  Controlled	  Trial.	  5FU	  -­‐	  5-­‐fluorouracil.	  
FOLFOX	  -­‐	  5-­‐fluorouracil/	  Oxaliplatin.	  CAPOX	  -­‐	  Capecitabine-­‐Oxaliplatin.	  DFS	  -­‐	  Disease-­‐free	  
survival.	  OS	  -­‐	  Overall	  Survival.	  MMR	  -­‐	  Mismatch	  Repair.	  MSI-­‐H	  -­‐	  Microsatelite	  High.	  	  
MSS	  -­‐	  	  Microsatelite	  Stable.	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Table	  5	  Association	  of	  MTHFR	  polymorphisms	  with	  5-­‐Fluorouracil	  based	  chemotherapy	  	  
Study	   Treatment	  Setting	   Studied	  
Specimens	  
Findings/	  Results	  
Terrazzino	  
et	  al	  
(2006)170	  	  
125	  rectal	  cancer	  patients	  
receiving	  neoadjuvant	  
5FU-­‐based	  
chemoradiotherapy	  
Blood	  specimens	  
for	  genotyping	  
(PCR)	  
Decreased	  RR	  in	  patients	  with	  
MTHFR	  677T/1298A	  haplotype	  
Capitain	  et	  
al	  (2007)	  171	  
76	  patients	  treated	  with	  
5FU/LV,	  metastatic	  setting	  	  
Blood	  specimens	  
for	  genotyping	  
(PCR)	  
A1298C	  genotype	  associated	  
with	  increased	  toxicity	  but	  no	  
effect	  on	  RR,	  DFS	  and	  OS.	  
C677T	  genotype	  –	  no	  effect	  on	  
toxicity,	  RR,	  DFS	  and	  OS	  
	  Zhang	  et	  al	  
(2007)172	  
318	  patients	  receiving	  5-­‐
FU	  based	  chemotherapy,	  
chemorefractory	  
metastatic	  setting	  
Blood	  specimens	  
for	  genotyping	  
(PCR)	  
MTHFR	  1298A/A	  genotype	  
associated	  with	  increased	  OS	  in	  
female	  patients.	  	  
C677T	  genotype	  not	  associated	  
with	  outcomes.	  
Ruzzo	  et	  al	  
(2007)	  173	  
	  
166	  patients	  receiving	  1st	  
line	  FOLFOX	  treatment,	  
metastatic	  setting	  
Blood	  specimens	  
for	  genotyping	  
(PCR)	  
No	  association	  between	  
genotypes	  and	  clinical	  outcome	  
Lurge	  et	  al	  
(2008)	  121	  
197	  Stage	  II	  –	  III	  CRC	  of	  
mixed	  ethnicity	  treated	  
with	  5FU-­‐based	  
chemotherapy,	  adjuvant	  
setting	  
Blood	  specimens	  
for	  genotyping	  
(PCR)	  
No	  significant	  correlation	  	  with	  
time	  to	  relapse	  
Gusella	  et	  
al	  (2009)117	  
130	  Stage	  B2	  and	  C	  
patients	  receiving	  5FU,	  
adjuvant	  setting	  
Consecutive	  
peripheral	  
leukocyte	  
specimens	  
C677T	  C/C	  genotype	  correlated	  
with	  decreased	  grade	  3-­‐4	  
toxicity	  	  
Chua	  et	  al	  
(2009)	  164	  
118	  patients	  treated	  with	  
5-­‐FU/Ox	  chemotherapy;	  
metastatic	  setting	  
Genotyping	  	  from	  
tumour	  	  
C677	  T/T	  genotype	  associated	  
with	  higher	  grade	  3-­‐4	  diarrhoea	  
(26%)	  compared	  to	  C/C	  or	  C/T	  
genotypes	  (6%)	  (p=0.02).	  	  
No	  association	  between	  
genotypes	  and	  RR,	  PFS	  or	  OS	  
Abbreviations:	  MTHFR	  -­‐	  Methlylenetetrahydrofolate	  Reductase.	  PCR	  -­‐	  Polymerase-­‐chain	  
Reaction.	  RR	  -­‐	  Response	  Rates.	  DFS	  -­‐	  Disease-­‐Free	  Survival.	  OS	  -­‐	  Overall	  Survival.	  	  
5-­‐FU	  -­‐	  5-­‐fluorouracil.	  FOLFOX	  -­‐	  5-­‐fluorouracil	  and	  Oxaliplatin.	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  Table	  6.	  Mutations	  in	  the	  Ras/Raf/MAPK	  pathway	  and	  association	  with	  outcomes	  from	  EGFR	  
monoclonal	  antibodies	  
Study	   Treatment	  Setting	   Specimens	   Results	  
Lievre	  et	  al	  
(2006)	  35,	  
Khambata-­‐
Ford	  et	  al	  
(2007)43	  
Benvenuti	  et	  al	  
(2007)45,	  di	  
Fiore	  et	  al	  
(2007)	  44;	  de	  
Roock	  et	  al	  
(2008)	  46.	  
Lievre	  et	  al	  
(2008)243;	  
Cervantes	  et	  al	  
(2008)	  244;	  di	  
Nicolantonio	  et	  
al	  (2008)	  212	  
30-­‐113	  patients	  in	  
single	  arm	  
uncontrolled	  studies	  of	  
cetuximab,	  
panitumumab	  or	  
cetuximab	  plus	  
chemotherapy;	  
metastatic	  setting	  
Tumour	  samples	  
(FFPE)	  for	  KRAS	  
analysis	  in	  all	  
studies	  and	  BRAF	  
analysis	  in	  five	  
studies	  35,	  43,	  45,	  46,	  
212	  	  
All	  studies	  demonstrated	  that	  
patients	  with	  MT	  KRAS	  had	  
reduced	  RR	  either	  alone	  or	  in	  
combination	  with	  MT	  BRAF.	  
Several	  studies	  showed	  an	  
association	  between	  MT	  KRAS	  
and	  decreased	  PFS	  or	  TTP	  44,	  45,	  
212,	  243,	  244	  and	  OS	  35,	  46,	  243.	  	  
MT	  BRAF	  associated	  with	  
decreased	  RR,	  PFS	  and	  OS	  in	  
one	  study	  212.	  
Amado	  et	  al	  
41(2008)	  
427	  patients	  treated	  
with	  panitumumab	  
plus	  BSC	  or	  BSC	  alone;	  
chemorefractory	  
metastatic	  setting	  
Tumour	  samples	  
(FFPE)	  for	  KRAS	  
analysis	  
Panitumumab	  monotherapy	  
efficacy	  confined	  to	  patients	  
with	  WT	  MRAS	  (RR:	  0%	  MT	  
and	  17%	  WT	  and	  median	  PFS:	  
7.3	  MT	  versus	  12.3	  weeks	  
WT).	  WT	  KRAS	  associated	  with	  
improved	  OS	  in	  both	  
treatment	  arms	  combined.	  
Karapetis	  et	  al	  
(2008)	  
42(CO.17)	  
394	  patients	  treated	  
with	  cetuximab	  or	  BSC;	  
second	  or	  subsequent	  
lines	  in	  mCRC	  setting	  
Tumour	  samples	  
(FFPE)	  for	  KRAS	  
analysis	  
KRAS	  mutational	  status	  
significantly	  associated	  with	  
cetuximab	  efficacy	  (PFS	  and	  
OS).	  Patients	  with	  WT	  KRAS	  
had	  doubling	  of	  PFS	  and	  OS	  
with	  cetuximab	  therapy	  
compared	  to	  patients	  with	  
tumours	  bearing	  MT	  KRAS.	  
Bokemeyer	  et	  
al	  (2009)39,	  211	  
(OPUS)	  
	  
	  
	  
233	  patients	  treated	  
with	  cetuximab	  plus	  
FOLFOX-­‐4	  or	  FOLFOX-­‐4	  
alone;	  first-­‐line	  
metastatic	  setting	  
Tumour	  samples	  
(FFPE)	  for	  KRAS	  
analysis	  
WT	  KRAS	  associated	  with	  
significantly	  increased	  
response	  (Odds	  Ratio	  2.54;	  
p=0.011)	  and	  lower	  risk	  of	  
disease	  progression	  (HR	  0.57;	  
p=0.016)	  with	  addition	  of	  
cetuximab	  to	  FOLFOX-­‐4	  
Tol	  et	  al	  (2009)	  
38,	  211(CAIRO2)	  
528	  patients	  treated	  
with	  cetuximab	  plus	  
COB	  or	  COB;	  first-­‐line	  
metastatic	  setting	  
Tumour	  samples	  
(FFPE)	  for	  KRAS	  and	  
BRAF	  
The	  use	  of	  dual	  mAB	  (EGFR	  
and	  VEGF	  inhibitors)	  with	  
capecitabine	  and	  Ox	  
associated	  with	  shorter	  PFS	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and	  inferior	  QOL.	  However,	  in	  
cetuximab-­‐treated	  patients,	  
MT	  KRAS	  associated	  with	  
shorter	  PFS	  (10.5	  months)	  
compared	  to	  cetuximab	  
treated	  patients	  with	  WT	  KRAS	  
(8.1	  months)	  (p=0.004).	  MT	  
BRAF	  associated	  with	  
decreased	  PFS	  and	  OS	  
irrespective	  of	  cetuximab	  
treatment.	  
Van	  Cutsem	  et	  
al	  (2009)40	  
(CRYSTAL)	  
540	  patients	  treated	  
with	  cetuximab	  plus	  
FOLFIRI	  or	  FOLFIRI	  
alone;	  first-­‐line	  
metastatic	  setting	  
Tumour	  samples	  
(FFPE)	  for	  KRAS	  
mutations	  at	  codon	  
12	  and	  13	  
Benefit	  of	  adding	  cetuximab	  to	  
FOLFIRI	  in	  first-­‐line	  setting	  
limited	  to	  patients	  with	  WT	  
KRAS	  tumours.	  The	  HR	  for	  PFS	  
among	  patients	  with	  WT	  KRAS	  
tumours	  was	  0.68	  (95%CI	  
0.50-­‐	  0.94)	  in	  favour	  of	  
cetuximab	  group.	  
Laurent-­‐Puig	  et	  
al	  (2009)204	  
173	  patients	  treated	  
with	  cetuximab	  alone	  
or	  in	  combination	  with	  
FOLFIRI	  or	  irinotecan,	  
second	  or	  subsequent	  
lines	  in	  metastatic	  
setting	  
Tumour	  samples	  
(FFPE)	  for	  KRAS,	  
BRAF,	  EGFR	  
amplification	  (FISH	  
and	  CISH),	  PTEN	  
protein	  expression	  
In	  patients	  with	  WT	  KRAS,	  
BRAF	  mutations	  associated	  
with	  lack	  of	  response	  
(p=0.063),	  shorter	  PFS	  
(p<0.001)	  and	  OS	  (p<0.01).	  
Abbreviations:	  FFPE	  -­‐	  Formalin	  fixed	  paraffin	  embedded.	  WT	  -­‐	  wild	  type.	  MT	  -­‐	  Mutant-­‐type.	  
HR	  -­‐	  Hazard	  Ratio.	  RR	  -­‐	  Response	  rate.	  PFS	  -­‐	  Progression-­‐free	  survival.	  OS	  -­‐	  Overall	  survival.	  
BSC	  -­‐	  Best	  supportive	  care.	  COB	  -­‐	  Capecitabine,	  oxaliplatin	  and	  bevacizumab.	  	  
EGFR	  -­‐Epidermal	  growth	  factor	  receptor.	  VEGF	  -­‐	  Vascular	  endothelial	  growth	  factor.	  	  
QOL	  -­‐	  Quality	  of	  life.	  FISH	  -­‐	  Fluorescence	  in-­‐situ	  hybridisation.	  CISH	  Chromogenic	  in-­‐situ	  
hybridisation.	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Table	  7.	  Mutations	  in	  the	  PTEN/P13K/Akt	  pathway	  and	  association	  with	  outcomes	  from	  EGFR	  
monoclonal	  antibodies	  
Study	   Treatment	  Setting	   Specimens	   Results	  
Frattini	  et	  al	  
(2007)	  53	  
27	  patients	  treated	  
with	  cetuximab	  +/-­‐	  
irinotecan;	  first	  and	  
subsequent	  lines	  in	  
metastatic	  setting	  
Tumour	  specimens	  
(FFPE)	  for	  PTEN	  IHC	  
expression	  
Loss	  of	  PTEN	  expression	  
(11/27)	  associated	  with	  lack	  of	  
response	  
Razis	  et	  al	  
(2008)	  213	  
72	  patients	  treated	  
with	  cetuximab	  +/-­‐	  
chemotherapy;	  first-­‐
line	  and	  subsequent	  
lines	  of	  treatment	  
Tumour	  samples	  
(FFPE)	  for	  PTEN	  IHC	  
expression	  
No	  association	  between	  PTEN	  
protein	  expression	  and	  
response.	  Lack	  of	  PTEN	  gene	  
amplification	  (FISH)	  associated	  
with	  improved	  RR	  and	  TTP	  
Sartore-­‐Bianchi	  
et	  al	  (2008)	  55	  
110	  patients	  treated	  
with	  cetuximab	  +/-­‐	  
irinotecan	  or	  
panitumumab;	  first	  
and	  non	  first-­‐line	  
settings	  
Tumour	  samples	  
for	  PTEN	  IHC,	  
PIK3CA	  and	  KRAS	  
mutation	  
Lack	  of	  response	  associated	  
with	  either	  PIK3CA	  mutation	  
or	  loss	  of	  PTEN	  expression.	  
Presence	  of	  PIK3CA	  mutation	  
or	  loss	  of	  PTEN	  expression	  
associated	  with	  shorter	  PFS	  
(HR	  1.86).	  
Loupakis	  et	  al	  
(2009)	  214	  
102	  patients	  treated	  
with	  cetuximab	  plus	  
irinotecan,	  
chemorefractory	  
setting	  
Tumour	  and	  
metastases	  
samples	  for	  PTEN	  
IHC	  and	  
phosphorylated	  
AKT	  
PTEN	  loss	  of	  expression	  in	  
metastases	  (not	  primary	  
tumours)	  associated	  with	  
shorter	  PFS	  (3.3	  vs.	  4.7	  
months;	  HR	  0.46,	  p=0.005)	  
Perrone	  et	  al	  
(2009)	  215	  
32	  patients	  treated	  
with	  cetuximab;	  
irinotecan-­‐refractory	  
settings	  
Tumour	  and	  
metastases	  for	  
KRAS,	  BRAF,	  PIK3CA	  
and	  PTEN	  
mutational	  analysis	  
PIK3CA/	  PTEN	  dysregulation	  
associated	  with	  poorer	  
response	  (p=0.02).	  
Prenen	  et	  al	  
(2009)	  216	  
200	  patients	  treated	  
with	  cetuximab	  +/-­‐	  
irinotecan,	  
chemorefractory	  
setting	  
Tumour	  samples	  
(FFPE)	  for	  KRAS	  an	  
PIK3CA	  mutational	  
analysis	  
No	  correlation	  between	  
PIK3CA	  mutation	  and	  response	  
Laurent-­‐Puig	  et	  
al(2009)	  204	  
173	  patients	  treated	  
with	  cetuximab	  alone	  
or	  in	  combination	  with	  
FOLFIRI	  or	  irinotecan,	  
second	  or	  subsequent	  
lines	  in	  metastatic	  
setting	  
Tumour	  samples	  
(FFPE)	  for	  KRAS,	  
BRAF,	  EGFR	  
amplification	  (FISH	  
and	  CISH),	  PTEN	  
protein	  expression	  
In	  patients	  with	  WT	  KRAS,	  loss	  
of	  PTEN	  protein	  expression	  
was	  associated	  with	  shorter	  
OS	  (p=0.013)	  but	  not	  response	  
or	  PFS.	  
Abbreviations:	  FFPE	  -­‐	  Formalin	  Fixed	  Paraffin	  Embedded.	  IHC	  -­‐	  Immunohistochemistry.	  	  
FISH	  -­‐	  Fluorescence	  In-­‐Situ	  Hybridisation.	  CISH	  -­‐	  Chromogenic	  In-­‐Situ	  Hybridisation.	  	  
RR	  -­‐	  Response	  Rate.	  PFS	  -­‐	  Progression-­‐Free	  Survival.	  TTP	  -­‐	  Time	  to	  Progression.	  	  
OS	  -­‐	  Overall	  survival.	  HR	  -­‐	  Hazard	  Ratio.	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CHAPTER	  4:	  OPTIMISING	  TREATMENT	  FOR	  RECTAL	  
CANCER	  
	  
The	  paper	  below	  is	  an	  original	  research	  paper	  and	  it	  was	  published	  in	  Asia-­‐Pacific	  Journal	  of	  
Oncology,	  December	  2012;	  8(4):346-55.	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ABSTRACT	  
Background:	   There	   has	   been	   continuing	   controversy	   regarding	   the	   treatment	   of	   patients	  
with	   resectable	   rectal	   cancer,	  particularly	   in	   regard	   to	   the	  effects	  of	  adjuvant	   therapies	  on	  
long-­‐term	   survival.	   The	  benefits	   of	   adjuvant	   chemotherapy	   alone	   in	   patients	  with	   Stage	   III	  
rectal	  cancer	  post	  curative	  resection	  remains	  unclear.	  The	  aim	  of	  this	  study	  was	  to	  compare	  
the	  overall	  survival	  of	  patients	  who	  had	  received	  adjuvant	  chemotherapy	  after	  resection	  of	  a	  
stage	   III	   rectal	  cancer	  with	  the	  survival	  of	  a	  historical	  control	  group	  who	  had	  surgery	  alone	  
before	  chemotherapy	  was	  introduced.	  	  	  
	  
Methods:	  Treatment	  and	  outcomes	  data	  were	  drawn	  from	  a	  prospective	  hospital	  registry	  of	  
consecutive	  patients	  who	  had	  a	  resection	  for	  stage	  III	  rectal	  cancer.	  	  
Results:	  The	  estimated	  Kaplan-­‐Meier	  overall	  five-­‐year	  survival	  rate	  in	  patients	  who	  received	  
chemotherapy	  (68.7%,	  95%	  CI	  58.3-­‐77.1%)	  was	  improved	  compared	  to	  the	  historical	  controls	  
(40.5%,	  95%	  CI	  31.4-­‐49.5%,	  log	  rank	  p	  <	  0.001,	  log	  rank	  p	  <0.001).	  No	  systematic	  differences	  
between	  the	  treated	  and	  control	  group	  were	  found.	  	  
	  
Conclusion:	  This	  study	  has	  shown	  improved	  survival	  after	  adjuvant	  chemotherapy	  in	  patients	  
with	   stage	   III	   rectal	   cancer	   as	   compared	  with	   historical	   controls	   treated	   by	   surgery	   alone.	  
Hence,	  there	  could	  be	  subsets	  of	  patients	  whom	  when	  treated	  with	  surgery	  in	  a	  specialised	  
surgical	   unit,	   may	   benefit	   from	   chemotherapy	   and	   spared	   the	   toxicities	   of	   adjuvant	  
radiotherapy.	  This	  should	  be	  explored	  further	  in	  a	  cooperative	  trial	  group	  setting.	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Use	  Of	  Adjuvant	  Chemotherapy	   In	   Stage	  C	   (III)	   Rectal	   Cancer:	   Comparison	  Of	  Data	   From	  
Matched	  Patients	  In	  A	  Teaching	  Hospital’s	  Clinico-­‐Pathological	  Database	  	  
	  
INTRODUCTION	  
	  
One	   of	   the	   continuing	   dilemmas	   for	   gastrointestinal	   oncologists	   is	   the	   question	   of	  
optimal	  adjuvant	  treatment	  for	  patients	  with	   locally	  advanced	  rectal	  cancer.	  This	  may	  have	  
arisen	   from	   improvements	   in	   surgery,	   radiotherapy	   and	   chemotherapy	   while	   information	  
relating	   to	   their	   combined	   use	   has	   lagged	   behind.	   In	   surgery,	   there	   has	   been	  widespread	  
adoption	   of	   precise	   anatomical	   mobilisation	   of	   the	   rectum	   by	   sharp	   dissection	   (Total	  
Mesorectal	  Excision	   (TME)	   surgery)	   together	  with	   the	   impact	  of	   surgical	   sub	   specialization.	  
The	  ensuing	  low	  rates	  of	  local	  recurrence	  and	  improved	  survival	  from	  individual	  surgical	  units	  
have	  prompted	  some	  colorectal	  surgeons	  to	  question	  the	  routine	  use	  of	  adjuvant	  therapies.	  
1-­‐3	   In	   radiotherapy,	   improvements	   in	  planning	  and	   scheduling	  have	  occurred,	   including	   the	  
introduction	   of	   short	   and	   long	   course	   neoadjuvant	   protocols	   in	   an	   attempt	   to	   reduce	   the	  
frequency	  of	  small	  bowel	  toxicity,	  diarrhoea	  and	  incontinence	  that	  complicated	  earlier	  post-­‐
operative	  adjuvant	  radiotherapy	  regimens.	  4,	  5	  Chemotherapy	  for	  colorectal	  cancer	  has	  seen	  
the	  development	  of	  new	  infusional	  schedules	  of	  5-­‐fluorouracil	  and	  the	   introduction	  of	  new	  
drugs	   including	   oxaliplatin,	   irinotecan,	   capecitabine	   and	   the	  molecular	   targeted	   therapies,	  
bevacizumab,	   cetuximab	   and	   panitumumab.	   However,	   their	   optimal	   use	   in	   rectal	   cancer	  
patients,	   especially	   in	   the	   adjuvant	   and	   neoadjuvant	   settings	   in	   combination	   with	  
radiotherapy	   remains	   uncertain.	   Furthermore,	   identification	   of	   optimal	   adjuvant	  
chemotherapy	  protocols	  for	  rectal	  cancer	  has	  been	  complicated	  by	  the	  fact	  that	  rectal	  cancer	  
patients	  have	  been	  excluded	  from	  most	  large	  international	  adjuvant	  studies.	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Despite	   these	   uncertainties,	   it	   has	   been	   clearly	   established	   in	   large	   prospective	  
randomized	   studies	   that	   adjuvant	   chemoradiation	   reduces	   local	   recurrence	   and	   produces	  
small	  increments	  in	  survival	  for	  those	  patients	  with	  locally	  advanced	  disease	  (T3	  tumours	  and	  
locally	  involved	  lymph	  nodes).	  6,	  7	  Short	  course	  neoadjuvant	  radiotherapy	  in	  selected	  patients	  
has	  been	  shown	  to	  be	  as	  effective	  as	  longer	  courses	  of	  radiotherapy.	  8,	  9	  However,	  there	  are	  
groups	  of	  rectal	  cancer	  patients	  for	  whom	  radiation	  might	  not	  be	  necessary	  (due	  to	  the	  site	  
of	  the	  tumour	  10,	  small	  primary	  tumour	  size	  or	  small	  numbers	  of	   involved	  lymph	  nodes	  not	  
recognized	  pre-­‐operatively),	  or	  actually	  contraindicated	  (because	  of	  prior	   therapy	  for	  other	  
diseases	   or	   local	   surgical	   issues).	   	   Such	   patients	  might	   still	   benefit	   from	  effective	   systemic	  
adjuvant	   therapy	   and	   there	   are	   some	   data	   to	   support	   the	   use	   of	   adjuvant	   chemotherapy	  
alone.	   11-­‐13	   For	   example,	   in	   the	   Japanese	   National	   Surgical	   Adjuvant	   Study	   of	   Colorectal	  
Cancer,	  patients	  who	  had	  undergone	  standardized	  mesorectal	  excision	  with	  selective	  lateral	  
pelvic	   lymphadenectomy	   for	   stage	   III	   rectal	   cancer	   were	   randomly	   assigned	   to	   receive	  
postoperative	   adjuvant	   oral	   uracil-­‐tegafur	   for	   one	   year	   or	   no	   further	   treatment.	   14	  
Radiotherapy	  was	  not	  used	  either	  pre-­‐	  or	  postoperatively.	  The	  3-­‐year	  overall	  survival	  rate	  in	  
the	  treated	  group	  was	  91%	  compared	  to	  81%	  in	  the	  untreated	  group	  (p	  =	  	  0.0048).	  
Another	  issue	  that	  has	  been	  difficult	  to	  control	  for	  in	  adjuvant	  studies	  in	  rectal	  cancer	  
has	  been	  the	  quality	  of	  the	  surgery.	  It	  has	  been	  recognized	  that	  there	  are	  major	  differences	  
in	   recurrence	   rates	  and	  outcomes	  between	   individual	   surgeons	  and	  different	   surgical	  units	  
based	   on	   experience	   and	   training	   of	   the	   operator.	   Attempts	   have	   been	   made	   to	   reduce	  
variability	   in	   surgical	  quality	   through	   the	  use	  of	   surgical	   trainers	  and	  mentors	   15,	  16	  prior	   to	  
and	  during	  randomised	  trials,	  and	  by	  undertaking	  audit	  of	  pathology	  specimens	  during	  such	  
studies	  and	  providing	  feedback	  to	  the	  surgeons.	   17,	  18	  However,	  such	  capacity	  has	  not	  been	  
routinely	  available	  outside	  the	  setting	  of	  a	  small	  number	  of	  clinical	  trials.	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We	  evaluated	  the	  efficacy	  of	  chemotherapy	  alone	  in	  a	  cohort	  of	  patients	  who	  had	  a	  
resection	   for	   stage	  C	   (III)	   rectal	   cancer	  at	  Concord	  Hospital	  and	   for	  whom	   information	  had	  
been	  recorded	  in	  a	  prospective	  hospital	  registry	  of	  colorectal	  cancer.	  Concord	  Hospital	  has	  a	  
large	  colorectal	  unit	  with	  a	  clinicopathological	  database	  that	  has	  accumulated	  the	  outcomes	  
of	   all	   resected	   patients	   with	   over	   95%	   accuracy	   since	   1971.	   In	   addition,	   since	   1981	   all	  
resections	  have	  been	  performed	  by	  a	  small	  group	  of	  surgeons	  using	  a	  standardized	  operative	  
technique.	   3	   	   Surgical	   quality	  was	   also	   assessed	   by	   the	   involvement	   of	   a	   small	   number	   of	  
specialist	  colorectal	  pathologists	  during	  that	  same	  period.	  The	  unit	  was	  slow	  to	  adopt	  routine	  
use	  of	  adjuvant	  radiotherapy	  and	  used	  adjuvant	  chemotherapy	  only	  for	  high	  risk	  stage	  C	  (III)	  
rectal	  cancer	  patients	  as	  positive	  results	  accrued	  for	  stage	  C	  (III)	  colon	  cancer	  patients.	  19,	  20	  
The	   aim	   of	   the	   present	   study	   was	   to	   compare	   patients	   who	   had	   received	   adjuvant	  
chemotherapy	   with	   patients	   earlier	   in	   the	   series	   before	   chemotherapy	   was	   introduced	   in	  
order	  to	  evaluate	  the	  benefits	  of	  postoperative	  adjuvant	  chemotherapy	  in	  this	  patient	  group.	  
	  
PATIENTS	  AND	  METHODS	  
	  
The	  Concord	  Hospital	  prospective	  registry	  of	  consecutive	  patients	  having	  a	  resection	  
for	  colorectal	  cancer	  21,	  22	  has	  the	  approval	  of	  the	  South	  Western	  Sydney	  Health	  Area	  Ethics	  
Committee.	   Treatment	   of	   patients	   was	   discussed	   in	   regular	   multidisciplinary	   meetings	  
comprising	  surgeons,	  pathologists,	  oncologists,	  nurses	  and	  allied	  health	  providers.	  Additional	  
information	  on	  patients	   receiving	  adjuvant	   chemotherapy	   in	   the	  period	   from	  May	  1992	   to	  
December	  2007	  was	  compiled	  retrospectively	  from	  patient	  records	  by	  an	  oncologist	  (PK)	  and	  
a	  surgeon	  (PC).	  
	   All	   resections	   since	   1981	  were	   performed	   by	   colorectal	   surgeons	   along	   anatomical	  
planes	   following	   a	   standardized	   technique	   as	   described	   previously.3	   Co-­‐morbidity	   and	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complications	   have	  been	  described	  previously.	   23	  Data	   on	   co-­‐morbidity	  were	  not	   collected	  
prior	   to	   1995.	   Pathological	   examination	   of	   the	   resected	   specimen	   followed	   a	   standard	  
protocol.24	   Only	   adenocarcinomas	   (including	   mucinous	   and	   signet	   ring	   carcinomas)	   were	  
included	  in	  the	  registry.	  Where	  multiple	  tumours	  were	  present,	  only	  the	  lesion	  with	  the	  most	  
advanced	   stage	   was	   included.	   All	   pathological	   characteristics	   analysed	   were	   looked	   for	   in	  
every	  specimen	  and	  their	  presence	  or	  absence	  recorded	  explicitly	  on	  a	  standard	  form.	  There	  
was	   only	   one	   missing	   data	   value.	   Tumours	   were	   staged	   according	   to	   the	   Australian	  
Clinicopathological	  Staging	  System	  for	  colorectal	  cancer	  24	  which	  accommodates	  sub-­‐stages	  
compatible	   with	   other	   clinicopathological	   staging	   systems	   such	   as	   Tumour,	   Nodes,	  
Metastases	  (TNM).	  25	  A	  stage	  C	  tumour	  is	  defined	  as	  one	  where	  regional	  nodal	  metastasis	  has	  
occurred	  but	  with	  no	   identifiable	   systemic	  disease	   and	  no	  histological	   evidence	  of	   tumour	  
present	   in	   the	   proximal,	   distal,	   circumferential	   or	   deep	   lines	   of	   resection	   of	   the	   operative	  
specimen.	   A	   Stage	   III	   rectal	   tumour,	   by	   TMN	   staging,	   is	   also	   defined	   as	   one	  whereby	   the	  
regional	  lymph	  nodes	  are	  affected	  but	  no	  distant	  metastases.	  
	   	  The	  chemotherapy	  regimens	  utilized	  were	  fluorouracil	  (5-­‐FU)	  and	  folinic	  acid	  daily	  for	  
five	  days	  every	  28	  days	   (Mayo	  Clinic	   26);	   5-­‐FU	  and	   leucovorin	   repeated	  weekly	   for	  6	  doses	  
with	   a	   two-­‐week	   rest	   between	   (Roswell	   Park	   27);	   semi-­‐monthly	   22-­‐hour	   5FU	   infusion	  with	  
leucovorin	  (de	  Gramont	  28);	  and	  oxaliplatin	  in	  combination	  with	  5FU	  infusion	  every	  2	  weeks	  
(modified	  FOLFOX	  29).	  The	  total	  duration	  of	  treatment	  is	  24	  weeks.	  
Treated	   patients	   were	   matched	   individually	   by	   sex	   and	   age	   with	   controls	   selected	  
from	  among	  281	  patients	  who	  had	  a	  resection	  for	  stage	  C	  rectal	  cancer	  between	  1971	  and	  
May	   1992,	   before	   radiotherapy	   and	   chemotherapy	   were	   introduced	   in	   the	   hospital.	   The	  
matching	  was	  by	  sex	  because	  of	  the	  distinctly	  higher	  incidence	  of	  rectal	  cancer	  among	  men	  
than	   among	   women	   and	   because	   numerous	   studies	   have	   shown	   sex	   differences	   in	   many	  
epidemiological,	   clinical	   and	   pathological	   characteristics	   of	   colorectal	   cancer	   30	   and	   by	   age	  
because	  of	  the	  demographic	  association	  between	  advancing	  age	  and	  diminishing	  survival.	  In	  
order	  to	  counter	  the	  historical	  demographic	  trend	  towards	  improving	  survival	  in	  the	  general	  
population	  during	   the	   last	  century,	  whenever	  more	   than	  one	  potential	   control	  patient	  was	  
available	  to	  match	  with	  a	  treated	  patient	  the	  control	  closest	  in	  time	  to	  1992	  was	  selected.	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Apart	  from	  those	  lost	  to	  follow	  up,	  all	  patients	  were	  followed	  annually	  until	  death	  or	  
at	  least	  December	  31,	  2009.	  Overall	  survival	  time	  was	  measured	  from	  the	  date	  of	  resection	  
until	  the	  date	  of	  death	  due	  to	  any	  cause,	  the	  censoring	  date	  being	  the	  date	  of	  last	  follow-­‐up	  
for	  those	  surviving	  or	  lost	  to	  follow-­‐up.	  
	  
STATISTICAL	  ANALYSIS	  
	  
The	   chi-­‐squared	   test	   or	   Fisher’s	   exact	   test	   were	   used	   to	   assess	   the	   statistical	  
significance	   of	   differences	   in	   contingency	   tables.	   Student’s	   t-­‐test	  was	   used	   for	   differences	  
between	  means.	  Comparisons	  of	  overall	  survival	   time	  between	  strata	  of	  clinicopathological	  
variables	   were	   made	   with	   the	   Kaplan-­‐Meier	   method	   and	   log-­‐rank	   test	   and	   multivariable	  
modeling	   were	   by	   proportional	   hazards	   regression	   and	   the	   Wald	   test.	   The	   proportional	  
hazards	  assumption	  was	  assessed	  by	  examining	  plots	  of	  log	  cumulative	  hazard	  for	  parallelism	  
and	  no	  violations	  of	  this	  assumption	  were	  found.	  All	  significance	  tests	  were	  two-­‐tailed.	  The	  
level	  for	  significance	  was	  p	  ≤	  0.05	  with	  confidence	  intervals	  at	  the	  95%	  level.	  Analyses	  were	  
performed	  with	  SPSS	  18.1	  for	  Windows	  (SPSS	  Inc.,	  Chicago,	  Il,	  USA).	  
	  
RESULTS	  
	  
Of	   950	   patients	   who	   had	   a	   resection	   for	   rectal	   cancer	   between	   June	   1992	   and	  
December	  2007	  there	  were	  292	  with	  a	  stage	  C	  tumour.	  Thirty-­‐seven	  of	  these	  who	  received	  
preoperative	   radiotherapy	   or	   chemoradiotherapy	   and	   a	   further	   15	  who	  had	   postoperative	  
radiotherapy	   were	   excluded	   from	   consideration,	   leaving	   240	   who	   potentially	   could	   have	  
been	  treated	  by	  postoperative	  chemotherapy	  alone;	  111	  were	  so	  treated	  and	  the	  remaining	  
129	   had	   surgery	   alone.	   In	   all	   of	   the	   treated	   patients,	   at	   the	   time	   of	   commencement	   of	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chemotherapy	   there	   was	   no	   evidence	   of	   residual	   local	   tumour	   and	   no	   known	   distant	  
metastases.	  
	  
Characteristics	  related	  to	  selection	  for	  chemotherapy	  
	  
There	   were	   no	   standard	   criteria	   for	   selecting	   patients	   for	   chemotherapy.	   However	  
certain	   clinicopathological	   features	  were	   related	   to	   selection.	  Males	   tended	   to	  be	   selected	  
more	   frequently	   than	   females,	  but	   this	  was	  marginally	  non-­‐significant	   (Table	  1).	  Age	  was	  a	  
major	  factor	  in	  selection;	  half	  of	  those	  aged	  up	  to	  80	  years	  were	  selected	  as	  compared	  with	  
only	  one	  person	  aged	  over	  80.	  The	  influence	  of	  co-­‐morbidity	  on	  selection	  could	  be	  assessed	  
only	   for	   203	  patients	   from	  1995	  onwards	  because	   co-­‐morbidity	  was	  not	   recorded	  prior	   to	  
1995.	  Patients	  selected	  for	  adjuvant	  chemotherapy	  were	  significantly	  less	  likely	  to	  have	  had	  
cardiac	  disease	   than	   those	  not	   selected	  and	   less	   likely	   to	  have	  peripheral	  vascular	  disease,	  
stroke	   or	   renal	   disease.	   Co-­‐morbidity	   not	   associated	   with	   selection	   included	   respiratory	  
disease,	   diabetes,	   hypertension,	   other	   significant	   medical	   history	   and	   previous	   major	  
abdominal	  surgery.	  An	  American	  Society	  of	  Anaesthetists	  score	  >	  Class	  1	  at	  time	  of	  operation	  
militated	   against	   selection,	   as	   did	   more	   than	   one	   surgical	   complication.	   A	   postoperative	  
cardiac	   complication	   was	   associated	   with	   a	   lower	   likelihood	   of	   selection.	   There	   was	   no	  
association	  between	  whether	  or	  not	  patients	  were	  selected	  for	  chemotherapy	  and	  any	  other	  
clinical	  or	  pathological	   feature	  (data	  not	  shown	  but	  variables	  considered	  are	  given	   in	  Table	  
2).	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Chemotherapy	  
Ninety-­‐six	  patients	  received	  chemotherapy	  at	  Concord	  Hospital	  under	  supervision	  of	  
members	  of	  the	  multidisciplinary	  team.	  Six	  of	  the	  remaining	  patients	  were	  treated	  in	  other	  
hospitals	   in	   close	   cooperation	   with	   Concord	   whereas	   nine	   others	   were	   treated	  
independently,	  mostly	   in	   remote	   regional	  centres.	  The	  median	   time	   	   from	  resection	   to	   the	  
beginning	   of	   treatment	   was	   6.9	   weeks	   and	   three-­‐quarters	   of	   the	   patients	   had	   begun	  
treatment	   by	   8.3	   weeks;	   in	   the	   remainder,	   commencement	   was	   delayed	   by	   intervening	  
illness.	  The	  numbers	  of	  patients	  receiving	  each	  5-­‐fluouracil	  based	  treatment	  regimen	  were:	  
51	   -­‐	   Roswell	   Park;	   34	   -­‐	   Mayo	   Clinic;	   12	   -­‐	   de	   Gramont;	   11	   -­‐	   FOLFOX;	   and	   three	   had	   oral	  
capecitabine	  as	  part	   of	   a	   clinical	   trial.	   	   In	   96	  patients	   (86.5%)	   all	   planned	   treatment	   cycles	  
were	  administered	  whereas	  15	  patients	  received	  fewer	  than	  intended.	  The	  principal	  reasons	  
for	   incomplete	   treatment	   were	   toxicity	   in	   five	   (4.5%),	   disease	   progression	   in	   four	   (3.6%),	  
patient	  preference	  in	  three	  (2.7%),	  further	  surgery	  in	  one	  and	  for	  other	  reasons	  in	  two.	  The	  
median	   duration	   of	   treatment	   was	   21.9	   weeks.	   The	   chemotherapy	   dose	   was	   unaltered	  
throughout	  treatment	   in	  83	  patients	   (74.8%)	  but	  reduced	   in	  24	   (21.6%)	  while	   in	   four	  cases	  
dose	   maintenance/reduction	   could	   not	   be	   ascertained.	   Hospitalization	   due	   to	   toxicity	  
occurred	  in	  only	  four	  patients	  (3.6%).	  No	  patient	  died	  during	  treatment.	  Four	  relapses	  were	  
diagnosed	  during	  treatment	  and	  one	  at	  completion	  of	  treatment.	  All	  of	  these	  relapses	  were	  
systemic.	  
	  
The	  historical	  control	  group	  
Matching	  by	  sex	  was	  exact.	  Matching	  by	  age	  was	  exact	  or	  differed	  by	  ±	  one	  year	   in	  
95%	   of	   treated	   patients.	   	   In	   four	   patients	   who	   were	   aged	   36	   or	   younger,	   the	   most	  
appropriate	  available	  control	  was	  up	  to	  six	  years	  older.	  Control	  patients’	  ages	  ranged	  from	  31	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to	  81	  years	  with	  a	  mean	  of	  59.4	  years,	  which	  was	  not	  significantly	  different	  from	  the	  mean	  
age	  of	  treated	  patients	  (59.0	  years,	  t	  =	  0.24,	  p	  =	  0.8).	  All	  control	  patients	  survived	  longer	  than	  
the	  median	  time	  from	  resection	  to	  commencement	  of	  chemotherapy	  in	  the	  treated	  patients	  
(6.9	   weeks)	   and	   thus	   all	   could	   have	   been	   considered	   for	   chemotherapy	   if	   it	   had	   been	  
available	  at	  the	  time.	  	  
	  
Surgery	  and	  pathology	  in	  treated	  patients	  and	  controls	  
There	   was	   no	   significant	   difference	   between	   patients	   who	   received	   chemotherapy	  
and	  controls	  with	  respect	  to	  type	  of	  operation,	  tumour	  level	  in	  the	  rectum	  or	  any	  of	  the	  nine	  
pathology	  variables	  considered	  in	  Table	  2.	  
	  
Co-­‐morbidity	  and	  complications	  in	  treated	  patients	  and	  controls	  
Treated	  patients	  and	  controls	   could	  not	  be	  compared	  on	   the	   range	  of	   co-­‐morbidity	  
variables	  mentioned	  previously	   because	   these	  were	  not	   recorded	   in	   the	   database	  prior	   to	  
1995.	  The	  frequency	  of	  post-­‐resection	  complications	  was	  compared	  between	  the	  two	  groups	  
and	  no	  difference	  was	  found	  for	  either	  cardiac	  or	  respiratory	  problems.	  The	  control	  patients	  
were	   more	   likely	   than	   the	   treated	   group	   to	   have	   had	   one	   or	   more	   purely	   surgical	  
complication	  (13.5%	  versus	  1.8%,	  p	  =	  0.001).	  
	  
Follow-­‐up	  and	  survival	  
At	  the	  close	  of	  the	  study	  in	  December	  2009,	  91	  patients	  in	  the	  control	  group	  had	  died,	  
one	   was	   lost	   to	   follow	   up	   after	   11	   years	   and	   the	   remaining	   19	   had	   their	   follow-­‐up	  
discontinued	   after	   14	   years,	   according	   to	   the	   policy	   of	   the	   hospital	   registry.	   	   Among	   the	  
treated	  patients,	   37	  had	  died,	   one	  was	   lost	   to	   follow	  up	  after	   three	  months,	   28	  had	  been	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followed	   for	   less	   than	   5	   years	   and	   the	   remaining	   45	   had	   been	   followed	   for	   five	   years	   or	  
longer.	  	  
The	  estimated	  overall	   Kaplan-­‐Meier	   five-­‐year	   survival	   rate	   in	  patients	  who	   received	  
chemotherapy	   (68.7%,	   95%	  CI	   58.3-­‐77.1%)	  was	  markedly	   higher	   than	   that	   in	   the	  historical	  
controls	  (40.5%,	  95%	  CI	  31.4-­‐49.5%,	  log	  rank	  p	  <	  0.001,	  Figure	  1).	  The	  corresponding	  three-­‐
year	  rates	  were	  81.1%	  (CI	  71.9-­‐87.5%)	  and	  53.2%	  (CI	  43.5-­‐61.9%).	  The	  association	  between	  
chemotherapy	  and	  longer	  survival	  persisted	  after	  adjustment	  for	  other	  variables	  found	  to	  be	  
associated	  with	  survival	  (hazard	  ratio	  0.4,	  95%	  CI	  0.3-­‐0.6,	  Table	  3).	  	  
To	   test	  whether	   the	  higher	  survival	   rate	   in	   the	  treated	  patients	  might	  have	  been	  at	  
least	   partly	   attributable	   to	   poorer	   survival	   among	   control	   patients	   whose	   resection	   had	  
occurred	   early	   in	   the	   history	   of	   the	   tumour	   registry	   and	   who	   would	   therefore	   not	   have	  
experienced	  the	  general	  demographic	  improvement	  in	  overall	  survival	  with	  passing	  time,	  the	  
period	   from	   1971	   to	  May	   1992	   was	   stratified	   into	   four	   successive	   time	   intervals	   and	   the	  
overall	   survival	  of	  all	  patients	  aged	   less	   than	  80	  years	  who	  had	  a	   resection	   for	   stage	  C	   (III)	  
rectal	  cancer	   in	   those	   intervals	  was	  compared.	  No	  significant	  difference	   in	   five-­‐year	  overall	  
survival	   rates	  was	   found	  among	   the	   four	  periods	   (1971-­‐1977,	  n	  =	  63,	  5-­‐year	   rate	  =	  27.0%;	  
1978-­‐1982,	  n	  =	  45,	  5-­‐year	  rate	  =	  38%;	  1983-­‐1987,	  n	  =	  75,	  5-­‐year	  rate	  =	  36%;	  1988-­‐May	  1992,	  
n	  =	  63,	  5-­‐year	  rate	  =	  37%;	  overall	  log	  rank	  p	  =	  0.9;	  no	  pair-­‐wise	  log	  rank	  p	  ≤	  0.5).	  
	  
DISCUSSION	  
This	  analysis	  should	  be	  regarded	  as	  exploratory	  in	  nature	  and	  was	  principally	  done	  to	  
aid	   in	   the	   design	   of	   a	   planned	   randomized	   trial	   of	   adjuvant	   chemotherapy	   alone	   versus	  
standard	   neoadjuvant	   chemoradiation	   in	   selected	   patients	  with	   Stage	   C	   (III)	   rectal	   cancer.	  
Clearly,	  a	  well	  designed	  randomized	  trial	  involving	  co-­‐operation	  between	  multiple	  disciplines	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will	  be	  necessary	  to	  precisely	  answer	   issues	   in	  regard	  to	  optimal	  adjuvant	  therapy	   in	  rectal	  
cancer,	  including	  the	  use	  of	  chemotherapy	  without	  radiation.	  The	  implications	  of	  the	  current	  
data	  are	  limited	  by	  the	  use	  of	  historical	  controls	  and	  resulting	  inherent	  bias,	  albeit	  that	  the	  
data	   were	   prospectively	   collected,	   the	   clinical	   follow-­‐up	   was	   over	   95%	   complete,	   and	  
patients	   were	   carefully	   matched	   for	   age	   and	   sex.	   Furthermore,	   all	   surgery	   and	   pathology	  
reporting	  were	  standardized.	  All	  control	  patients	  also	  survived	  for	  at	  least	  three	  months	  after	  
their	  resection,	  allowing	  sufficient	  time	  for	  them	  to	  have	  commenced	  chemotherapy	  if	  it	  had	  
been	  available.	  In	  addition,	  the	  controls	  did	  not	  differ	  significantly	  from	  the	  treated	  patients	  
on	   any	   of	   the	   eleven	   key	   clinicopathological	   features	   examined.	   It	   was	   not	   possible	   to	  
compare	  the	  cases	  and	  controls	  on	  co-­‐morbidity	  because	  these	   items	  were	  not	   included	   in	  
the	   database	   until	   1995	   but	   there	   was	   no	   significant	   difference	   in	   cardiac	   or	   respiratory	  
postoperative	  complications.	  The	  possibility	  that	  the	  longer	  survival	  of	  the	  treated	  group	  was	  
due	  to	  the	  demographic	  trend	  of	  increasing	  longevity	  during	  the	  past	  century	  was	  ruled	  out	  
by	  the	  finding	  of	  no	  significant	  trend	  in	  survival	  among	  all	  stage	  C	  (III)	  rectal	  cancer	  patients	  
from	  1971	   to	  May	   1992.	   Furthermore,	  when	   possible,	   the	   choice	   among	   potential	   control	  
patients	   for	  matching	  was	  deliberately	  biased	   towards	   those	  nearer	   the	  end	  of	   the	  period	  
before	  May	  1992	  rather	  than	  earlier.	  
We	  found	   improved	  survival	   following	  the	  use	  of	  adjuvant	  chemotherapy	   in	  stage	  C	  
(III)	   rectal	   cancer	   patients	   who	   had	   not	   received	   prior	   adjuvant	   radiation	   treatment.	   The	  
finding	  of	   improved	  overall	  survival	  after	  surgery	  and	  adjuvant	  chemotherapy	  as	  compared	  
with	  surgery	  alone	  contrasts	  with	  most	  randomized	  controlled	  trials	  for	  rectal	  cancer	  where	  
an	   equivalent	   comparison	  has	   been	  made	  but	   no	   survival	   difference	   found.	   The	   exception	  
was	  the	  previously	  mentioned	  trial	  by	  Akasu	  et	  al	   in	  which	  a	  10%	  higher	  three-­‐year	  overall	  
survival	  rate	  was	  found	  in	  patients	  with	  stage	  III	  rectal	  cancer	  who	  received	  chemotherapy	  as	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compared	  with	  those	  who	  had	  surgery	  alone.14	  In	  this	  trial	  there	  were	  high	  survival	  rates	  in	  
both	   arms	   (91%	   in	   the	   treated	   group	   and	   81%	   in	   the	   control	   group)	   that	  may	   have	   been	  
partly	  attributable	  to	  the	  practice	  of	  selective	  lateral	  pelvic	  lymphadenectomy.	  	  
	   For	  comparison,	  the	  three-­‐year	  overall	  survival	  rates	  in	  the	  present	  study	  were	  81%	  in	  
the	  chemotherapy	  group	  and	  53%	  in	  the	  control	  group.	  Our	  three-­‐year	  overall	  survival	  rate	  
for	  patients	  who	  received	  chemotherapy	   for	   rectal	  cancer	  compares	   favorably	  with	  several	  
similar	  Australian	  and	  overseas	  reports	  on	  stage	  III	  colon	  cancer	  where	  the	  three-­‐year	  overall	  
survival	  rate	  for	  patients	  who	  received	  chemotherapy	  varies	  from	  62%	  to	  78%.	  29,	  31,	  32	  Table	  5	  
shows	  the	  results	  of	  several	  large	  phase	  III	  studies	  exploring	  the	  role	  of	  adjuvant	  therapy	  in	  
resectable	  rectal	  cancer	  relative	  to	  the	  survival	  results	  of	  this	  study.	  The	  survival	  for	  patients	  
in	  the	  surgery	  alone	  arm	  are	  also	  consistent	  with	  published	  surgical	  series	  studies.	  33,	  34	  
Although	  there	  were	  no	  specific	  criteria	  for	  the	  use	  of	  chemotherapy	  in	  our	  patients,	  
there	  was	   clearly	   selection	   of	   patients.	   This	   is	   also	   likely	   to	   play	   an	   important	   part	   in	   the	  
apparent	  efficacy	  of	  adjuvant	  treatment	  by	  excluding	  those	  who	  were	  thought,	  for	  whatever	  
reason,	   to	  be	   less	   likely	   to	  benefit	   from	  or	   tolerate	   treatment.	  This	   is	   reflected	  by	   the	   fact	  
that	   patients	   with	   advanced	   age,	   cardiac	   disease,	   peripheral	   vascular	   disease,	  
cerebrovascular	   disease,	   an	   ASA	   score	   greater	   than	   Class	   1	   and	   more	   than	   one	   surgical	  
complication	  were	  more	  likely	  to	  have	  not	  received	  chemotherapy.	  However,	  no	  systematic	  
differences	   were	   found	   between	   the	   selected	   patients	   and	   contemporary	   non-­‐selected	  
patients	   in	   11	   key	   clinicopathological	   variables	   (Table	   2).	   All	   patients	   who	   received	  
chemotherapy	   were	   considered	   first	   in	   a	   multidisciplinary	   setting;	   they	   were	   selected	   for	  
treatment	   taking	   into	  account	   the	  particular	  characteristics	  and	  wishes	  of	   individuals;	   their	  
overall	  treatment	  was	  managed	  in	  a	  coordinated	  way,	  albeit	  within	  routine	  clinical	  practice.	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Variation	   in	   chemotherapy	   regimens	   was	   due	   to	   changes	   in	   evidence-­‐based	   adjuvant	  
treatment	  for	  colorectal	  cancers	  and	  the	  clinical	  condition	  of	  the	  patients.	  	  	  
	  
CONCLUSION	  
	   These	   results	   suggest	   that	   there	  may	   be	   subsets	   of	   patients,	   especially	   those	  with	  
small	   primaries	   where	   small	   numbers	   of	   involved	   lymph	   nodes	  were	   only	   identified	   post-­‐
operatively,	  whom	  when	  treated	  with	  surgery	  in	  a	  specialised	  surgical	  unit	  may	  benefit	  from	  
adjuvant	  chemotherapy.	  This	  should	  be	  explored	  further	  in	  a	  cooperative	  trial	  group	  setting.	  
Hence	   similarly,	   outside	   the	   setting	   of	   clinical	   trials	   in	   rectal	   cancer	   patients	   for	   whom	  
radiotherapy	  is	  either	  not	  possible	  or	  contraindicated,	  adjuvant	  chemotherapy	  alone	  should	  
be	  considered	  in	  selected	  fit	  patients.	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Figure	  1.	  Kaplan-­‐Meier	  curves	  for	  overall	  survival	  of	  patients	  who	  received	  
chemotherapy	  and	  historical	  controls.	  Log	  rank	  p	  <0.001.	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Table	  1.	  Features	  associated	  with	  selection	  for	  adjuvant	  chemotherapy	  
_________________________________________________________________________________________	  
	  
	   	   	   	   	   	   Had	  chemotherapy	   p	  
_________________________________________________________________________________________	  
	  
Sex	   	   	   	   Male	   	   72/140	  (51)	   	   0.057	  
	   	   	   	   Female	   	   39/100	  (39)	  
	  
Age	   	   	   	   </=	  80	  years	   101/213	  (52)	   	   <0.001	  
	   	   	   	   >	  80	  years	   1/27	  (4)	  
	  
Cardiac	  disease*	   	   	   No	   	   92/142	  (65)	   	   <0.001	  
	   	   	   	   Yes	   	   13/61	  (21)	  
	  
Peripheral	  vascular	  disease*	   No	   	   105/194	  (54)	   	   0.001**	  
	   	   	   	   Yes	   	   0/9	  (0)	  
	  
Renal	  disease*	   	   	   No	   	   102/191	  (53)	   	   0.056	  
	   	   	   	   Yes	   	   3/12	  (25)	  
	  
Cerebrovascular	  disease*	   	   No	   	   105/192	  (55)	   	   <0.001	  
	   	   	   	   Yes	   	   0/11	  (0)	  
	  
American	  Society	  of	  Anaesthetists	   Class	  1	   	   37/53	  (70)	   	   0.002	  
	   	   	   	   >	  Class	  1	  68/150	  (45)	  
	  
Postoperative	  cardiac	   	   No	   	   102/208	  (49)	   	   0.027	  
complication	   	   	   Yes	   	   9/32	  (28)	  
	  
More	  than	  1	  surgical	  complication	   No	   	   108/215	  (50)	   	   <0.001	  
	   	   	   	   Yes	   	   3/25	  (12)	  
_________________________________________________________________________________________	  
*	  Restricted	  to	  203	  patients	  between	  1995	  and	  2007	  for	  whom	  comorbidity	  data	  were	  available.	  
**	  Fisher’s	  exact	  test.	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Table	  2.	  Type	  of	  operation,	  tumour	  level,	  and	  pathology	  in	  patients	  who	  received	  chemotherapy	  versus	  those	  
not	  selected	  for	  chemotherapy,	  and	  in	  patients	  who	  received	  chemotherapy	  versus	  historical	  controls.	  
___________________________________________________________________________________	  
	   	   	   	   	   Received	  chemotherapy	   Received	  chemotherapy	  
	   	   	   	   	   (vs.	  not	  selected)	  	   	   (vs.	  controls)	  
	   	   	   	   	   Number	  (%)	   p	   	   Number	  (%)	   p	  
___________________________________________________________________________________	  
Type	  or	  operation*	  
Restorative	  operation	   	   	   92/188	  (49)	   0.282	   	   92/173	  (53)	  	  	  	  	  	  0.334	  
	   Abdominoperineal	  excision	   15/37	  (41)	   	   	   15/40	  (38)	  
	   Hartmann’s	  operation	   	   2/10	  (20)	   	   	   2/5	  (40)	  
	   Total	  colectomy	  and	  ileostomy	   2/4	  (50)	   	   	   	   2/4	  (50)	  
	  
Tumour	  level	  in	  rectum	  
	   12-­‐18cm	  	   	   	   44/92	  (48)	   0.381	   	   44/84	  (52)	  	  	  	  	  	  	  	  0.839	  
	   8-­‐11.9cm	   	   	   38/75	  (51)	   	   	   38/77	  (49)	  
	   0-­‐7.9cm	  	   	   	   29/73	  (40)	   	   	   29/61	  (48)	  
	  
Tumour	  size	  
	   <5cm	   	   	   	   61/137	  (45)	   0.537	   	   61/123	  (50)	  	  	  	  	  0.893	  
	   >/=5cm	   	   	   	   50/103	  (49)	   	   	   50/99	  (51)	  
	  
Direct	  tumour	  spread	  
	   Submucosa	   	   	   5/13	  (39)	   0.700	   	   5/8	  (63)	   	  	  	  	  	  	  	  	  	  	  0.407	  
	   Not	  beyond	  muscularis	  propria	   22/42	  (52)	   	   	   22/36	  (61)	  
	   Beyond	  muscularis	  propria	   75/162	  (46)	   	   	   75/160	  (47)	  
	   To	  a	  free	  serosal	  surface	   	   9/23	  (39)	   	   	   9/18	  (50)	  
	  
Adjacent	  organ	  or	  structure	  infiltrated	  
	   No	   	   	   	   108/230	  (47)	   0.348*	   	   108/218	  (50)	  	  0.622**	  
	   Yes	   	   	   	   3/10	  (30)	   	   	   3/4	  (75)	  
	  
Histological	  type	  
	   Adenocarcinoma	  	   	   101/222	  (46)	   0.410	   	   101/205	  (49)	  	  	  	  0.449	  
	   Mucinous	  adenocarcinoma	   10/18	  (56)	   	   	   10/17	  (59)	  
	  
Number	  of	  nodes	  involved	  
	   1-­‐3	   	   	   	   72/161	  (44)	   0.497	   	   72/143	  (50)	  	  	  	  	  	  0.889	  
	   >/=	  4	   	   	   	   39/79	  (49)	   	   	   39/79	  (49)	  
	  
Apical	  node	  involved	  
	   No	   	   	   	   104/227	  (46)	   0.572	   	   104/210	  (50)	  	  	  	  0.553	  
	   Yes	   	   	   	   7/13	  (54)	   	   	   7/12	  (58)	  
	  
Tumour	  grade	  
	   Low/average	   	   	   70/166	  (42)	   0.058	   	   70/147	  (48)	  	  	  	  	  	  	  0.321	  
	   	   	   	   	   41/74	  (55)	   	   	   41/75	  (55)	  
	  
Venous	  invasion	  
	   No	   	   	   	   85/171	  (50)	   0.091	   	   85/164	  (52)	  	  	  	  	  	  	  0.359	  
	   Yes	   	   	   	   26/69	  (38)	   	   	   26/58	  (45)	  
	  
Tumour	  perforated	  
	   No	   	   	   	   105/232	  (45)	   0.097	   	   105/212	  (50)	  	  	  	  0.518	  
	   Yes	   	   	   	   6/8	  (75)	   	   	   	   6/10	  (60)	  
*	  One	  other	  type	  of	  operation	  excluded.	  	  	  **	  Fisher’s	  exact	  test.
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Table	  3.	  Tumour	  recurrence	  in	  patients	  who	  received	  chemotherapy	  and	  historical	  controls.	  Number	  (per	  cent).	  
	  
_________________________________________________________________________________________	  
	   	   	   	   Received	  chemotherapy	   Control	  group	   	  
	   	   	   	   n	  =	  111	   	   	   n	  =	  111	  
_________________________________________________________________________________________	  
	  
No	  recurrence	   	   	   64	  (57.7)	   	   56	  (50.5)	  
	  
Local	  recurrence	  only	   	   7	  (6.3)	   	   	   10	  (9.0)	  
	  
Systemic	  recurrence	  only	   	   33	  (29.7)	   	   37	  (33.3)	  
	  
Local	  and	  systemic	  recurrence	   7	  (6.3)	   	   	   8	  (7.2)	  
_________________________________________________________________________________________	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Table	  4.	  Association	  between	  overall	  survival	  and	  clinical	  and	  pathology	  features	  in	  111	  patients	  who	  received	  
adjuvant	  chemotherapy	  plus	  111	  untreated	  historical	  control	  patients.	  
___________________________________________________________________________________	  
	  
	   	   	   	   	   Hazard	   ratio	   	   Wald	  p	  
	   	   	   	   	   (95%	  CI)	  
___________________________________________________________________________________	  
Male	  sex	   	   	   	   1.2	  (0.8-­‐1.7)	   	   0.333	  
	  
Age	  >/=	  60	  years	   	   	   	   1.4	  (1.0-­‐2.0)	   	   0.048	  
	  
Tumour	  level	  </=	  8cm	   	   	   1.1	  (0.7-­‐1.6)	   	   0.681	  
	  
Non-­‐restorative	  operation*	   	   1.1	  (1.0-­‐1.2)	   	   0.034	  
	  
Tumour	  size	  >/=	  5cm	   	   	   1.3	  (0.9-­‐1.9)	   	   0.095	  
	  
Direct	  spread	  beyond	  muscularis	  propria	   2.0	  (1.2-­‐3.3)	   	   0.006	  
	  
Adjacent	  organ	  or	  structure	  infiltrated	   1.3	  (0.3-­‐5.3)	   	   0.707	  
	  
Mucinous	  histological	  type	   	   1.1	  (0.6-­‐2.2)	   	   0.675	  
	  
Four	  or	  more	  nodes	  involved	   	   1.9	  (1.3-­‐2.7)	   	   <0.001	  
	  
Apical	  node	  involved	   	   	   2.6	  (1.4-­‐5.0)	   	   0.004	  
	  
High	  grade	   	   	   	   1.3	  (0.9-­‐1.8)	   	   0.210	  
	  
Venous	  invasion	   	   	   	   2.2	  (1.5-­‐3.2)	   	   <0.001	  
	  
Tumour	  perforated	   	   	   0.4	  (0.1-­‐1.4)	   	   0.149	  
___________________________________________________________________________________	  
*	  Abdominoperineal	  excision,	  Hartmann’s	  operation,	  total	  colectomy	  with	  ileostomy	  versus	  anterior	  resection,	  
coloanal	  anastomosis.	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Table	  5:	  A	  review	  of	  5	  year	  overall	  survival	  results	  of	  current	  study	  and	  other	  published	  early	  stage	  rectal	  cancer	  
studies	  	  
	  
Study	   Aims	  and	  Design	  	   Results	  
Current	  	   To	  compare	  5	  year	  overall	  survival	  of	  Stage	  III	  (C)	  
rectal	  cancer	  who	  had	  surgery	  and	  adjuvant	  
chemotherapy	  to	  historical	  controls	  who	  underwent	  
surgery	  alone	  
5	  year	  overall	  survival	  of	  
patients	  who	  had	  adjuvant	  
chemotherapy	  is	  68%	  while	  5	  
year	  overall	  survival	  for	  
patients	  who	  had	  surgery	  
alone	  is	  43%.	  (p	  <	  0.001)	  
Swedish	  Rectal	  
Cancer	  Trial	  35	  
To	  evaluate	  the	  role	  of	  preoperative	  radiotherapy	  in	  
resectable	  rectal	  cancer	  (Dukes’	  A	  –	  C).	  Between	  
March	  1987	  and	  February	  1990,	  1168	  patients	  
younger	  than	  80	  years	  of	  age	  who	  had	  resectable	  
rectal	  cancer	  were	  randomized	  to	  undergo	  
preoperative	  irradiation	  (25	  Gy	  delivered	  in	  five	  
fractions	  in	  one	  week)	  followed	  by	  surgery	  with-­‐	  in	  
one	  week	  or	  to	  have	  surgery	  alone.	  507	  of	  1168	  
patients	  enrolled	  had	  Duke’s	  C	  rectal	  cancer.	  
5	  year	  overall	  survival	  for	  
Duke’s	  C	  rectal	  cancer	  patient	  
who	  had	  surgery	  and	  
radiotherapy	  is	  approximately	  
70%	  while	  those	  who	  had	  
surgery	  only	  was	  50%.	  
(p=0.004)	  
Colorectal	  
Collaborative	  
Group	  36	  
A	  collaborative	  meta-­‐	  analysis	  of	  8507	  patients	  from	  
22	  randomised	  trials	  to	  compare	  outcomes	  of	  patients	  
who	  had	  surgery	  for	  rectal	  cancer	  combined	  with	  
preoperative	  or	  postoperative	  radiotherapy	  with	  those	  
who	  had	  surgery	  alone.	  Most	  of	  the	  trials	  were,	  
however	  published	  in	  the	  period	  1963	  –	  1984,	  during	  
which	  TME	  was	  not	  part	  of	  routine	  practice.	  
5	  year	  overall	  survival	  for	  
rectal	  cancer	  patients	  in	  the	  
radiotherapy	  and	  surgery	  
group	  is	  45%	  and	  42.1%	  for	  
surgery	  only	  group.	  (2p	  =	  
0.06)	  
NSABP	  R-­‐03	  6	   From	  1993	  to	  1999,	  patients	  with	  clinical	  T3	  or	  T4	  or	  
node-­‐positive	  (Stage	  II	  or	  III)	  rectal	  cancer	  were	  
randomized	  to	  preoperative	  or	  postoperative	  
chemoradiotherapy.	  33.3%	  of	  123	  patients	  receiving	  	  
preoperative	  chemoradiotherapy	  had	  node-­‐positive	  
disease	  whereas	  47.5%	  of	  131	  patients	  who	  had	  
postoperative	  chemoradiotherapy	  were	  node-­‐positive.	  
With	  median	  follow	  up	  of	  8.4	  
years,	  the	  5-­‐year	  overall	  
survival	  for	  preoperative	  
patients	  was	  74.5%	  v	  65.6%	  
for	  postoperative	  patients.	  (p	  
=	  0.065)	  
Dutch	  Colorectal	  
Group37	  
Between	  Jan	  1996	  and	  Dec	  1999,	  1861	  patients	  with	  
resectable	  rectal	  cancer	  were	  randomized	  between	  
TME	  preceded	  by	  radiotherapy	  or	  TME	  alone.	  No	  
chemotherapy	  was	  allowed.	  Only	  299	  (34%)	  patients	  
had	  Stage	  III	  disease	  treated	  with	  TME	  and	  RT	  while	  
325	  (36%)	  had	  Stage	  III	  rectal	  cancer	  treated	  with	  TME	  
alone.	  	  
With	  median	  follow	  up	  of	  6.1	  
years,	  overall	  survival	  at	  5	  
years	  was	  64.2%	  and	  63.5%,	  
respectively	  (p=0.902).	  
Cochrane	  review	  
2009	  38	  
A	  systematic	  review	  to	  evaluate	  benefits	  of	  
preoperative	  chemoradiation	  versus	  radiation	  alone	  
for	  stage	  II	  and	  III	  resectable	  rectal	  cancer;	  4	  
randomised	  trials	  were	  found	  to	  be	  eligible	  to	  form	  a	  
review	  but	  only	  3	  (Bosset	  2006;	  Boulis-­‐Wassif	  1984;	  
Gerard	  2006)	  had	  5	  year	  overall	  survival	  data.	  In	  
addition,	  TME	  was	  routine	  practice	  in	  only	  2	  (Bosset	  
2006;	  Gerard	  2006)	  of	  the	  3	  studies.	  
5	  year	  overall	  survival	  in	  the	  
chemoradiotherapy	  group	  
was	  63.9%	  (644	  of	  1007	  
patients)	  compared	  to	  65.2%	  
(647	  of	  993	  patients)	  in	  the	  
radiotherapy	  group.	  This	  
difference,	  however	  did	  not	  
reach	  statistical	  significance	  
(p=	  0.58)	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CHAPTER	  5:	  OPTIMISING	  TREATMENT	  IN	  COLON	  
CANCER	  
	  
The	  aim	  of	  the	  following	  paper	  is	  to	  evaluate	  the	  role	  of	  s100A4	  as	  a	  prognostic	  marker	  in	  
Stage	  C	  colon	  cancer.	  This	  work	  was	  undertaken	  in	  collaboration	  with	  Dr	  L	  Jankova,	  Dr	  C	  
Fung,	  Dr	  C	  Chan,	  Dr	  Robertson,	  Dr	  Molloy,	  Prof	  P	  H	  Chapius,	  Dr	  O	  Dent	  and	  Prof	  S	  Clarke.	  
The	  paper	  was	  published	  in	  International	  Journal	  of	  Colorectal	  Diseases,	  2012 
Nov;27(11):1409-17.	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Overexpression	  of	  protein	  S100A4	  is	  independently	  associated	  with	  overall	  survival	  in	  
stage	  C	  colonic	  cancer	  but	  only	  in	  cytoplasm	  at	  the	  advancing	  tumour	  front.	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ABSTRACT	  
Purpose	  S100A4,	  a	  multifunctional	  protein,	  has	  been	  linked	  to	  the	  invasive	  growth	  and	  
metastases	  of	  several	  human	  cancers.	  This	  study	  investigated	  the	  association	  between	  
S100A4	  and	  overall	  survival	  and	  other	  clinicopathological	  features	  in	  patients	  with	  stage	  C	  
colonic	  cancer.	  
Methods	  Clinical	  and	  pathological	  data	  were	  obtained	  from	  a	  prospective	  hospital	  registry	  of	  
409	  patients	  who	  had	  a	  resection	  for	  stage	  C	  colonic	  cancer.	  Tissue	  microarrays	  for	  
immunohistochemistry	  were	  constructed	  from	  archived	  tissue.	  S100A4	  Staining	  intensity	  and	  
percentage	  of	  stained	  cells	  were	  assessed	  in	  nuclei	  and	  cytoplasm	  for	  both	  the	  central	  part	  of	  
the	  tumour	  and	  at	  the	  advancing	  front.	  Overall	  survival	  was	  analysed	  by	  the	  Kaplan-­‐Meier	  
method	  and	  Cox	  regression.	  
Results	  Only	  a	  high	  percentage	  of	  cells	  with	  S100A4	  cytoplasmic	  staining	  in	  frontal	  tissue	  was	  
associated	  with	  poor	  survival	  (hazard	  ratio	  1.6,	  95%	  CI	  1.1-­‐2.2,	  p=0.008)	  after	  adjustment	  for	  
other	  prognostic	  variables.	  There	  was	  no	  association	  between	  frontal	  cytoplasmic	  S100A4	  
expression	  and	  any	  of	  13	  other	  clinicopathological	  variables.	  
Conclusions	  High	  expression	  of	  S100A4	  in	  cytoplasm	  at	  the	  advancing	  front	  of	  stage	  C	  colonic	  
tumours	  indicates	  a	  poor	  prognosis.	  Whether	  S100A4	  can	  predict	  response	  to	  adjuvant	  
chemotherapy	  remains	  to	  be	  investigated	  in	  a	  randomised	  clinical	  trial.	  
	  
Key	  words:	  S100A4,	  colonic	  cancer,	  stage	  C,	  overall	  survival,	  prognosis	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INTRODUCTION	  
	  
S100A4,	  a	  multifunctional	  protein	  localized	  in	  the	  nucleus,	  cytoplasm	  and	  extracellular	  space,	  
is	  involved	  in	  many	  biological	  processes	  such	  as	  regulation	  of	  angiogenesis,	  cell	  survival,	  
motility	  and	  invasion.	  It	  has	  been	  linked	  to	  the	  invasive	  growth	  and	  metastasis	  of	  several	  
human	  solid	  cancers	  and	  the	  possible	  mechanisms	  in	  this	  linkage	  have	  been	  reviewed	  [1-­‐3].	  
In	  colorectal	  cancer,	  the	  association	  between	  S100A4	  and	  factors	  related	  to	  progression	  of	  
the	  tumour	  has	  been	  examined	  by	  several	  authors	  [4-­‐8],	  leading	  to	  the	  suggestion	  that	  
overexpression	  of	  this	  protein	  may	  be	  related	  to	  survival	  and	  could	  therefore	  be	  a	  useful	  
prognostic	  or	  predictive	  marker.	  
	  
We	  have	  identified	  five	  reports	  specifically	  on	  the	  association	  between	  S100A4	  expression	  
and	  survival	  in	  colorectal	  cancer	  [9-­‐13].	  In	  every	  case,	  both	  colonic	  and	  rectal	  tumours	  were	  
included	  and	  all	  studies	  except	  that	  by	  Boye	  et	  al.	  [13]	  were	  retrospective.	  In	  other	  respects	  
these	  reports	  were	  quite	  heterogeneous	  (Table	  I).	  The	  number	  of	  patients	  ranged	  from	  54	  
[11]	  to	  709	  [9].	  No	  report	  was	  based	  on	  tumours	  at	  a	  single	  stage	  only;	  the	  distribution	  being	  
stages	  I	  to	  IV	  in	  two	  [10,	  12],	  stages	  I	  to	  III	  in	  two	  [9,	  13],	  and	  stages	  II	  to	  IV	  in	  one	  [11].	  The	  
assessment	  of	  S100A4	  expression	  was	  based	  on	  tissue	  microarrays	  in	  three	  [9,	  10,	  12]	  and	  
whole	  sections	  in	  two	  [11,	  13].	  The	  site	  from	  which	  tumour	  tissue	  was	  selected	  (the	  central	  
region	  of	  the	  tumour	  versus	  the	  advancing	  front)	  was	  never	  specified	  and	  in	  only	  two	  cases	  
was	  it	  clear	  that	  S100A4	  expression	  had	  been	  considered	  separately	  in	  nuclei	  and	  cytoplasm	  
[10,	  13].	  The	  assessment	  of	  S100A4	  expression	  was	  not	  by	  intensity	  of	  staining	  but	  rather	  by	  
the	  percentage	  of	  stained	  cells	  in	  every	  case,	  although	  the	  categorization	  of	  percentage	  of	  
stained	  cells	  into	  strong	  versus	  weak	  expression	  for	  purposes	  of	  statistical	  analysis	  was	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arbitrary	  and	  differed	  widely	  among	  studies.	  The	  outcome	  measure	  was	  overall	  survival	  in	  
two	  reports	  [9,	  12],	  disease-­‐specific	  survival	  in	  one	  [11],	  crude	  survival	  in	  one	  [10]	  and	  
overall,	  disease-­‐specific	  and	  metastasis-­‐free	  survival	  in	  one	  [13].	  The	  other	  
clinicopathological	  variables	  included	  in	  analyses	  also	  differed	  among	  studies.	  Four	  reported	  
high	  S100A4	  expression	  to	  be	  associated	  with	  diminished	  survival	  [9,	  11-­‐13]	  but	  only	  three	  
showed	  that	  this	  association	  persisted	  independently	  after	  adjustment	  for	  other	  prognostic	  
features	  [9,	  12,	  13].	  However	  there	  was	  broad	  agreement	  that	  high	  S100A4	  was	  associated	  
with	  the	  presence	  of	  nodal	  and	  distant	  metastases.	  
	  
In	  view	  of	  the	  varying	  methodologies	  and	  mixed	  results	  among	  these	  reports,	  we	  focussed	  
specifically	  on	  clinicopathological	  stage	  C	  colonic	  cancer,	  for	  which	  the	  five-­‐year	  overall	  
survival	  rate	  ranges	  from	  30%	  to	  60%.	  There	  is	  sound	  clinical	  trail	  evidence	  that	  adjuvant	  
chemotherapy	  can	  significantly	  improve	  overall	  survival	  in	  such	  patients.	  However	  the	  
benefit	  derived	  by	  patients	  is	  not	  uniform	  and	  the	  absolute	  five-­‐year	  overall	  survival	  
improvement	  with	  adjuvant	  chemotherapy	  ranges	  from	  approximately	  8%	  to	  15%,	  
depending	  on	  multiple	  clinical	  and	  pathological	  factors	  [14-­‐17].	  Thus,	  while	  some	  patients	  
will	  benefit	  from	  adjuvant	  chemotherapy,	  others	  may	  nevertheless	  experience	  recurrence,	  
while	  for	  others	  surgery	  alone	  may	  be	  adequate	  treatment.	  Thus	  we	  hypothesized	  that,	  if	  
S100A4	  expression	  was	  found	  to	  be	  independently	  predictive	  of	  survival	  in	  stage	  C	  patients	  in	  
the	  present	  study,	  it	  would	  then	  be	  worth	  investigating	  as	  a	  biomarker	  to	  predict	  response	  to	  
chemotherapy	  and	  for	  selecting	  high	  risk	  patients	  for	  adjuvant	  treatment	  in	  a	  subsequent	  
appropriately	  designed	  prospective	  trial.	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The	  aims	  of	  this	  study	  were:	  (a)	  to	  investigate	  the	  expression	  of	  S100A4	  in	  both	  nuclei	  and	  
cytoplasm	  at	  the	  advancing	  front	  and	  the	  central	  region	  of	  tumours	  from	  patients	  who	  had	  a	  
potentially	  curative	  resection	  for	  stage	  C	  colonic	  cancer	  and	  (b)	  to	  investigate	  the	  association	  
between	  S100A4	  expression	  and	  overall	  survival	  and	  other	  clinicopathological	  features.	  
	  
PATIENTS	  AND	  METHODS	  
Information	  on	  patients	  having	  a	  resection	  for	  colorectal	  cancer	  performed	  by	  members	  of	  
the	  Concord	  Hospital	  Department	  of	  Colorectal	  Surgery	  has	  been	  entered	  into	  a	  prospective	  
computer	  database	  since	  1971	  [18,	  19].	  The	  data	  set	  contains	  details	  of	  patient	  
characteristics,	  comorbidity,	  presentation,	  investigations,	  surgical	  management,	  
complications,	  adjuvant	  therapy,	  pathology	  and	  follow-­‐up	  and	  has	  the	  approval	  of	  the	  South	  
Western	  Sydney	  Health	  Area	  Ethics	  Committee.	  Patients	  described	  in	  the	  present	  study	  had	  a	  
resection	  for	  Stage	  C	  colonic	  cancer	  between	  1971	  and	  2001	  inclusive.	  Since	  1981	  all	  
resections	  have	  been	  performed	  by	  specialist	  colorectal	  surgeons	  following	  a	  standardized	  
procedure	  [20]	  and	  data	  acquisition	  and	  recording	  has	  been	  supervised	  by	  a	  single	  surgeon	  
(P.H.C.).	  
	  
Pathological	  examination	  of	  the	  resected	  specimen	  followed	  a	  standard	  protocol	  [21]	  and	  
over	  90%	  of	  specimens	  were	  reported	  on	  by	  a	  single	  pathologist	  (R.C.	  Newland).	  Only	  
adenocarcinomas	  were	  included	  and,	  where	  multiple	  primaries	  were	  present,	  only	  the	  lesion	  
with	  the	  most	  advanced	  stage	  was	  included.	  The	  pathological	  assessment	  of	  tumour	  site,	  
size,	  direct	  spread,	  histological	  type,	  grade,	  venous	  invasion,	  nodal	  involvement,	  free	  serosal	  
surface	  involvement	  and	  infiltration	  of	  an	  adjacent	  organ	  or	  structure	  was	  as	  described	  
previously	  [22,	  23].	  Tumors	  were	  staged	  according	  to	  the	  Australian	  Clinicopathological	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Staging	  System	  for	  colorectal	  cancer	  which	  accommodates	  sub-­‐stages	  compatible	  with	  other	  
clincopathological	  staging	  systems	  such	  as	  the	  Tumor-­‐Nodes-­‐Metastasis	  system	  (TNM)	  [24].	  
Patients	  selected	  for	  the	  present	  study	  had	  Australian	  Clinicopathological	  Stage	  C	  tumor	  
which	  is	  equivalent	  to	  TNM	  Stage	  III,	  but	  not	  including	  specimens	  with	  frank	  tumor	  in	  any	  line	  
of	  resection.	  
	  
Tissue	  microarray	  construction	  
The	  assessment	  of	  S100A4	  was	  conducted	  retrospectively	  on	  material	  from	  blocks	  archived	  
according	  to	  a	  standard	  protocol	  in	  a	  single	  laboratory.	  Tissue	  microarrays	  (TMA)	  were	  
constructed	  using	  an	  Advanced	  Tissue	  Arrayer,	  ATA-­‐100	  (Chemicon,	  CA).	  1.0mm	  cores	  were	  
taken	  from	  carefully	  selected,	  morphologically	  representative	  areas	  of	  the	  original	  archived	  
paraffin	  blocks	  and	  arrayed	  into	  freshly	  made	  recipient	  paraffin	  blocks.	  For	  each	  specimen,	  as	  
described	  previously	  [22]	  multiple	  cores	  were	  taken	  from	  the	  central	  part	  of	  the	  tumor	  
(avoiding	  the	  luminal	  surface),	  the	  advancing	  tumor	  front,	  and	  non-­‐neoplastic	  mucosa.	  	  
	  
Immunohistochemistry	  
Sections	  from	  constructed	  blocks	  were	  subjected	  to	  immunohistochemistry	  (IHC)	  with	  anti-­‐
S100A4	  rabbit	  polyclonal	  antibody	  (NeoMarkers	  Inc.,	  Fremont,	  CA,	  USA).	  Briefly,	  sections	  
(4µm)	  were	  placed	  on	  electrostatically	  charged	  glass	  slides	  (Starfrost,	  Waldemar	  Knittel,	  
Braunschweig,	  Germany)	  and	  baked	  to	  allow	  for	  tissue	  adherence.	  All	  steps	  starting	  with	  
dewaxing	  and	  finishing	  with	  haematoxylin	  counterstaining	  were	  performed	  automatically	  on	  
a	  Bond-­‐Max	  Autostainer	  (Leica	  Microsystems,	  Bannockburn,	  IL).	  Heat	  induced	  epitope	  
retrieval	  for	  anti-­‐S100A4	  sections	  was	  carried	  out	  using	  pH	  9	  solution	  (Bond	  Epitope	  Retrieval	  
Solution	  2,	  Leica	  Microsystems).	  Endogenous	  peroxidases	  were	  blocked	  with	  3%	  hydrogen	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peroxide	  for	  5	  minutes.	  The	  sections	  were	  incubated	  with	  Anti-­‐S100A4	  for	  15	  minutes	  at	  
room	  temperature,	  followed	  by	  the	  secondary	  antibody	  polymer	  from	  Bond	  Polymer	  
Detection	  Kit	  for	  8	  minutes.	  Chromogenic	  detection	  was	  performed	  using	  DAB	  from	  the	  Bond	  
Polymer	  Detection	  Kit	  for	  10	  minutes,	  followed	  by	  application	  of	  Bond	  DAB	  enhancer	  for	  5	  
minutes.	  Samples	  of	  tonsil	  were	  included	  as	  positive	  tissue	  control.	  Negative	  control	  slides	  
were	  incubated	  with	  non-­‐immune	  serum	  rabbit	  IgG	  instead	  of	  the	  primary	  antibody	  at	  the	  
same	  concentration	  as	  primary	  antibodies.	  Staining	  was	  performed	  in	  a	  single	  laboratory	  on	  
a	  single	  run	  of	  all	  samples	  under	  constant	  experimental	  conditions.	  
	  
Immunochemical	  evaluation	  
Immunoreactivity	  for	  S100A4	  was	  assessed	  independently	  by	  two	  observers	  (P.K.	  and	  C.F)	  
who	  were	  unaware	  of	  the	  patients’	  clinical	  and	  histopathology	  characteristics	  and	  survival.	  
Tissue	  cores	  from	  the	  superficial	  part	  of	  the	  tumor	  and	  the	  deep	  advancing	  tumor	  front	  were	  
assessed	  separately	  for	  both	  staining	  intensity	  and	  proportion	  of	  stained	  tumor	  cells.	  Figure	  1	  
illustrates	  the	  varying	  patterns	  of	  staining	  of	  tumour	  cells	  in	  cores	  of	  colonic	  cancer.	  Staining	  
intensity	  was	  recorded	  a	  0	  =	  no	  staining,	  1	  =	  weak	  staining,	  2	  =	  intermediate	  staining	  and	  3	  =	  
strong	  staining.	  If	  staining	  was	  heterogeneous,	  then	  scoring	  was	  based	  on	  the	  predominant	  
staining	  intensity.	  The	  proportion	  of	  stained	  cells	  was	  recorded	  as	  a	  quasi	  continuous	  
variable	  in	  categories	  of	  0%,	  1-­‐9%,	  10-­‐19%,	  etc.	  to	  90-­‐99%,	  100%.	  When	  there	  were	  
discrepancies	  between	  the	  scores	  of	  the	  two	  scorers,	  the	  slides	  were	  reviewed	  and	  a	  
consensus	  reached.
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Follow-­‐up	  and	  assessment	  of	  survival	  
The	  outcome	  variable	  was	  overall	  survival,	  measured	  from	  the	  date	  of	  resection	  until	  the	  date	  
of	  death	  due	  to	  any	  cause,	  the	  censoring	  date	  being	  the	  date	  of	  last	  contact	  for	  those	  lost	  to	  
follow-­‐up	  or	  the	  date	  of	  last	  follow-­‐up	  for	  those	  surviving.	  Apart	  from	  patients	  lost	  to	  follow-­‐
up,	  all	  patients	  were	  followed	  annually	  until	  death,	  or	  for	  at	  least	  14	  years,	  or	  to	  at	  least	  
December	  31,	  2009.	  
	  
Statistical	  analysis	  
Pearson’s	  chi-­‐squared	  test	  was	  used	  to	  examine	  the	  statistical	  significance	  of	  differences	  
between	  percentages.	  Comparisons	  of	  survival	  time	  between	  strata	  of	  binary	  variables	  were	  
made	  by	  the	  Kaplan-­‐Meier	  method	  and	  log-­‐rank	  test.	  The	  method	  for	  determining	  the	  
optimum	  cutting	  point	  for	  dichotomizing	  the	  percentage	  of	  S100A4-­‐stained	  cells	  in	  relation	  to	  
overall	  survival	  has	  been	  described	  previously	  [22].	  Proportional	  hazards	  regression	  was	  used	  
in	  modeling	  survival	  with	  significance	  assessed	  by	  the	  Wald	  test.	  The	  assumption	  of	  
proportional	  hazards	  was	  assessed	  by	  examining	  plots	  of	  log	  cumulative	  hazard	  for	  parallelism	  
and	  in	  no	  case	  was	  it	  materially	  violated	  in	  any	  variable	  included	  in	  a	  regression	  model.	  
Procedures	  followed	  in	  multivariable	  modeling	  were	  as	  described	  previously	  [22].	  The	  level	  
for	  two-­‐tailed	  statistical	  significance	  was	  p	  ≤	  0.05	  with	  	  confidence	  intervals	  (CI)	  at	  the	  95%	  
level.	  Analyses	  were	  performed	  with	  SPSS	  18.0	  for	  Windows,	  SPSS	  Inc.,	  Chicago,	  Il.	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RESULTS	  
From	  January	  1971	  to	  December	  2001,	  3323	  patients	  were	  entered	  into	  the	  registry	  of	  
colorectal	  cancer	  resections.	  The	  following	  were	  excluded	  in	  sequence:	  99	  with	  metachronous	  
tumour,	  1406	  with	  rectal	  cancer,	  19	  with	  polyposis	  or	  inflammatory	  bowel	  disease,	  and	  1298	  
with	  stage	  A,	  B	  or	  D	  tumour,	  leaving	  501	  with	  stage	  C	  tumor.	  No	  archived	  tissue	  was	  available	  
for	  50,	  leaving	  451.	  However	  for	  some	  of	  these	  there	  was	  insufficient	  tissue	  for	  S100A4	  
assessment	  at	  either	  the	  central	  region	  or	  the	  invasive	  front,	  leaving	  404	  with	  a	  central	  result	  
and	  409	  with	  a	  frontal	  result.	  When	  the	  other	  clinical	  and	  pathological	  variables	  in	  this	  study	  
were	  compared	  between	  the	  451	  patients	  who	  had	  an	  S100A4	  result	  on	  either	  or	  both	  
assessments	  and	  the	  remaining	  50,	  the	  only	  significant	  difference	  found	  was	  a	  greater	  
proportion	  with	  four	  or	  more	  involved	  lymph	  nodes	  among	  the	  former	  than	  among	  the	  latter	  
(30%	  and	  14%	  respectively,	  p	  =	  0.016).	  Clinicopathological	  characteristics	  of	  the	  patients	  are	  
shown	  in	  Table	  II.	  Of	  the	  total	  of	  451	  patients,	  65	  (14%)	  had	  received	  adjuvant	  chemotherapy	  
since	  it	  was	  introduced	  in	  this	  hospital	  in	  1992.	  
	  	  
Follow-­‐up	  details.	  
Fourteen	  patients	  (3%)	  died	  before	  discharge	  from	  hospital	  after	  their	  resection.	  In	  331	  
patients	  who	  were	  discharged	  alive	  and	  died	  subsequently,	  follow-­‐up	  time	  ranged	  from	  0.4	  
months	  to	  351	  months	  (median	  34.6	  months).	  In	  106	  patients	  who	  were	  not	  known	  to	  have	  
died,	  including	  four	  who	  were	  lost	  to	  follow-­‐up,	  survival	  ranged	  from	  79.7	  to	  303.0	  months	  
(median	  150.0	  months).	  
	  
	  
	  
 136	  	  
Staining	  intensity	  
In	  both	  central	  and	  frontal	  tumour	  tissue,	  nuclei	  and	  cytoplasm	  were	  unstained	  in	  a	  majority	  
of	  specimens	  (Table	  III).	  Where	  staining	  was	  present	  it	  tended	  to	  be	  intermediate	  rather	  than	  
weak	  or	  strong.	  Proportional	  hazards	  regression	  models	  with	  staining	  intensity	  as	  the	  single	  
covariate	  showed	  no	  association	  between	  staining	  intensity	  and	  overall	  survival	  (Table	  III)	  and	  
there	  was	  no	  significant	  separation	  of	  Kaplan-­‐Meier	  survival	  curves	  (not	  shown)	  by	  intensity	  
of	  staining.	  The	  absence	  of	  any	  association	  between	  staining	  intensity	  and	  survival	  made	  it	  
pointless	  to	  combine	  intensity	  with	  percentage	  of	  stained	  cells,	  as	  has	  been	  done	  by	  some	  
researchers	  [5].	  
	  
Percentage	  of	  stained	  cells	  
For	  both	  central	  and	  frontal	  tumour	  tissue	  the	  distribution	  of	  percentage	  of	  S100A4-­‐stained	  
cells	  was	  reverse	  J	  shaped	  with	  heaping	  of	  specimens	  at	  the	  low	  end	  of	  the	  range	  (0-­‐20%)	  and	  
sparse	  numbers	  at	  the	  high	  end	  (>60%).	  Significantly	  poorer	  survival	  was	  found	  for	  patients	  
with	  percentages	  above	  the	  optimal	  dichotomy	  in	  central	  nuclear,	  frontal	  nuclear	  and	  frontal	  
cytoplasmic	  tumour	  tissue	  but	  not	  in	  central	  cytoplasmic	  tissue	  (Table	  IV).	  In	  each	  case	  the	  
proportion	  of	  specimens	  above	  the	  optimum	  threshold	  was	  relatively	  low	  (6%	  to	  11%)	  .	  
Although	  the	  univariate	  results	  showed	  a	  significant	  association	  between	  S100A4	  expression	  
and	  overall	  survival	  for	  both	  central	  nuclear	  and	  frontal	  nuclear	  tumour	  tissue	  these	  
associations	  disappeared	  after	  adjustment	  for	  other	  independent	  prognostic	  variables.	  Only	  
high	  S100A4	  in	  frontal	  cytoplasmic	  tissue	  retained	  an	  independent	  association	  with	  poor	  
survival	  (hazard	  ratio	  1.6,	  95%	  CI	  1.1-­‐2.2,	  p=0.008)	  after	  adjustment	  for	  other	  prognostic	  
variables	  (Table	  V).	  Kaplan-­‐Meier	  survival	  curves	  for	  low	  and	  high	  S100A4	  in	  frontal	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cytoplasmic	  tissue	  are	  shown	  in	  Figure	  2.	  There	  was	  no	  association	  between	  frontal	  
cytoplasmic	  S100A4	  expression	  and	  any	  of	  the	  clinicopathological	  variables	  (Table	  VI).	  
	  
A	  noteworthy	  observation,	  not	  reported	  elsewhere	  to	  our	  knowledge,	  was	  that	  the	  
proportion	  of	  cells	  with	  nuclear	  staining	  was	  always	  less	  than	  or	  equal	  to	  the	  proportion	  with	  
cytoplasmic	  staining	  in	  both	  the	  central	  region	  of	  the	  tumour	  and	  at	  the	  advancing	  front.	  This	  
may	  suggest	  that	  overexpression	  of	  S100A4	  becomes	  established	  first	  in	  cytoplasm	  before	  it	  
occurs	  in	  nuclei.	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DISCUSSION	  
This	  study	  demonstrated	  an	  independent	  association	  between	  poor	  overall	  survival	  and	  high	  
S100A4	  expression,	  assessed	  as	  the	  proportion	  of	  stained	  tumour	  cells	  in	  patients	  who	  had	  a	  
potentially	  curative	  resection	  for	  stage	  C	  colonic	  cancer,	  but	  only	  in	  cytoplasm	  and	  only	  at	  the	  
advancing	  tumour	  front.	  Although	  the	  association	  between	  S100A4	  expression	  and	  survival	  
was	  statistically	  significant,	  the	  effect	  was	  not	  strong	  (HR	  1.6).	  There	  was	  no	  association	  
between	  frontal	  cytoplasmic	  S100A4	  expression	  and	  any	  of	  12	  other	  clinicopathological	  
features	  examined,	  including	  adjuvant	  chemotherapy.	  
	  
These	  findings	  were	  based	  on	  a	  series	  of	  409	  patients	  who	  had	  a	  resection	  for	  stage	  C	  colonic	  
cancer	  performed	  by	  colorectal	  surgeons	  who	  were	  members	  of	  a	  specialist	  unit	  in	  a	  tertiary	  
referral	  hospital.	  Surgical	  data	  were	  recorded	  prospectively	  in	  a	  standardized	  format	  and	  over	  
90%	  of	  all	  pathology	  reporting	  (except	  the	  retrospective	  assessment	  of	  S100A4)	  was	  
performed	  by	  a	  single	  pathologist	  (Ronald	  C.	  Newland)	  who	  also	  reviewed	  the	  remaining	  
reports	  and	  recorded	  the	  results	  on	  a	  standardized	  data	  acquisition	  form.	  	  The	  policy	  on	  
follow-­‐up	  required	  that	  the	  survival	  status	  of	  all	  patients	  be	  confirmed	  annually	  for	  up	  to	  14	  
years.	  The	  minimum	  follow-­‐up	  time	  was	  5	  years	  in	  all	  patients	  except	  those	  who	  died	  less	  
than	  5	  years	  after	  their	  resection.	  
	  
A	  strength	  of	  our	  study	  is	  that	  it	  evaluated	  stage	  C	  colon	  cancer	  alone	  whereas	  all	  similar	  
S100A4	  studies	  have	  been	  based	  on	  tumours	  in	  multiple	  stages,	  although	  in	  one	  case	  a	  limited	  
sub-­‐group	  analysis	  of	  stage	  III	  patients	  was	  included	  [13].	  Our	  approach	  has	  resulted	  in	  more	  a	  
refined	  evaluation	  of	  S100A4	  as	  a	  prognostic	  factor	  because	  the	  expression	  of	  this	  protein	  
may	  have	  different	  effects	  within	  a	  single	  stage	  than	  it	  has	  across	  stages,	  particularly	  as	  its	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principal	  action	  relates	  to	  tumour	  growth	  and	  metastatic	  potential.	  This	  may	  account	  for	  
differences	  between	  our	  findings	  and	  those	  of	  other	  studies.	  Another	  difference	  is	  that	  others	  
have	  used	  arbitrary	  thresholds	  for	  distinguishing	  between	  low	  and	  high	  S100A4	  whereas	  we	  
determined	  the	  optimum	  threshold	  in	  relation	  to	  overall	  survival.	  Thresholds	  in	  other	  studies	  
have	  varied	  considerably,	  possibly	  accounting	  for	  differing	  results.	  
	  	  
The	  frequency	  distribution	  of	  frontal	  cytoplasmic	  S100A4	  was	  reverse	  J	  shaped	  with	  a	  thin	  tail	  
extending	  out	  to	  a	  high	  proportion	  stained.	  The	  optimum	  threshold	  for	  predicting	  survival	  was	  
less	  than	  70%	  vs.	  70%	  or	  higher	  and	  only	  44/409	  (11%)	  of	  patients	  were	  above	  the	  threshold.	  
Thus	  the	  optimum	  cutoff	  is	  well	  up	  the	  range	  and	  other	  studies	  which	  used	  lower	  arbitrary	  
thresholds	  [11-­‐13]	  may	  have	  suffered	  by	  including	  too	  great	  a	  proportion	  of	  patients	  in	  the	  
“high”	  group,	  which	  could	  have	  diffused	  the	  association	  between	  S100A4	  and	  survival	  
somewhat.	  A	  corollary	  of	  this	  is	  that,	  because	  high	  S100A4	  is	  relatively	  rare	  in	  stage	  C,	  then	  it	  
may	  not	  be	  a	  helpful	  marker	  in	  clinical	  practice	  because	  it	  will	  be	  found	  in	  relatively	  few	  
patients	  as	  compared	  to	  the	  much	  higher	  proportion	  of	  stage	  C	  patients	  who	  ultimately	  have	  
a	  poor	  survival	  outcome.	  
	  
We	  used	  overall	  survival	  as	  the	  endpoint,	  as	  did	  Gongol	  et	  al.	  [9],	  Wang	  et	  al.	  [12]	  and	  Boye	  et	  
al.	  [13].	  Overall	  survival	  is	  the	  ultimate	  outcome	  from	  the	  point	  of	  view	  of	  the	  patient,	  other	  
endpoints	  such	  as	  recurrence-­‐free	  survival	  or	  disease-­‐specific	  survival	  being	  merely	  
surrogates.	  
	  
We	  have	  shown	  clearly	  that	  the	  association	  between	  S100A4	  and	  survival	  operates	  principally	  
at	  the	  advancing	  tumour	  front	  and	  weakly	  if	  at	  all	  in	  the	  central	  part	  of	  the	  tumour.	  No	  other	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study	  has	  taken	  frontal	  versus	  central	  location	  into	  account	  and	  differing	  results	  among	  
studies	  may	  be	  attributable	  to	  locational	  variability	  in	  tissue	  sampling.	  The	  invasive	  tumour	  
front	  was	  recently	  described	  by	  Zlobec	  et	  al.	  [25]	  as	  a	  dynamic	  interface	  consisting	  of	  a	  
balance	  between	  pro-­‐tumour	  factors	  such	  as	  beta-­‐catenin,	  urokinase	  plasminogen	  activator	  
receptor	  and	  CD44,	  and	  anti-­‐tumour	  factors	  such	  as	  tumour-­‐infiltrating	  lymphocytes,	  CD4+	  
and	  	  CD8+.	  A	  promising	  approach	  proposed	  was	  the	  development	  of	  a	  prognostic	  score	  based	  
on	  the	  ratio	  or	  pro-­‐	  and	  anti-­‐tumour	  factors.	  Hence	  S100A4	  expressed	  in	  the	  cytoplasm	  of	  the	  
advancing	  front	  of	  the	  tumour	  could	  play	  a	  role	  in	  this	  balance	  and	  should	  be	  further	  
evaluated.	  
	  
An	  unexpected	  finding	  was	  that	  frontal	  cytoplasmic	  S100A4	  was	  unrelated	  to	  any	  other	  
clinical	  or	  pathological	  feature	  examined.	  If	  S100A4	  is	  a	  factor	  in	  tumour	  growth	  and	  
metastasis	  one	  would	  have	  expected	  to	  find	  an	  association	  with	  local	  spread,	  venous	  invasion	  
and	  number	  of	  involved	  lymph	  nodes.	  The	  mechanism	  that	  links	  frontal	  cytoplasmic	  S100A4	  
to	  overall	  survival	  in	  stage	  C	  colonic	  cancer	  remains	  unclear	  as	  it	  does	  not	  appear	  to	  be	  
mediated	  through	  invasive	  or	  metastatic	  potential.	  Furthermore,	  if	  S100A4	  is	  not	  associated	  
with	  number	  of	  involved	  lymph	  nodes	  within	  stage	  C,	  then	  it	  may	  not	  be	  associated	  with	  
undiagnosed	  micrometastases	  either	  and	  therefore	  may	  not	  predict	  response	  to	  
chemotherapy	  aimed	  at	  eliminating	  such	  micrometastases.	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CONCLUSIONS	  
In	  this	  study,	  high	  expression	  of	  S100A4	  in	  cytoplasm	  at	  the	  advancing	  front	  of	  stage	  C	  colonic	  
tumours	  was	  independently	  associated	  with	  poor	  overall	  survival	  after	  adjustment	  for	  several	  
clinical	  and	  pathology	  factors.	  Whether	  S100A4	  can	  predict	  response	  to	  adjuvant	  
chemotherapy	  remains	  to	  be	  investigated	  in	  a	  randomised	  clinical	  trial.	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Table	  I.	  Summary	  of	  studies	  of	  association	  between	  S100A4	  expression	  and	  survival	  in	  colorectal	  cancer.	  
	   Gongoll	  [9]	   Cho	  [10]	   Hemandas	  [11]	   Wang	  [12]	   Boye	  [13]	  
	  Number	  	  of	  
patients	  
709	   124	   54	   115	   237	  
Period	   1975-­‐1995	   2001-­‐2002	   1995-­‐1998	   1999-­‐2001	   1998-­‐2000	  
Site	   Colon	  &	  rectum	   Colon	  &	  rectum	   Colon	  &	  rectum	   Colon	  &	  rectum	   Colon	  &	  rectum	  
Stage	   Not	  specified	  but	  
apparently	  
	  I	  	  II	  	  III	  
A	  B	  C	  D	   B	  C	  D	   Not	  specified	  
but	  apparently	  	  
	  I	  	  II	  	  III	  	  IV	  
	  I	  II	  III	  
Neoadjuvant	  or	  
ajuvant	  therapy	  	  
Not	  specified	   Not	  specified	   35	  patients	  had	  
adjuvant	  
chemotherapy	  
Not	  specified	   Neoadjuvant	  
excluded.	  	  32	  had	  
adjuvant	  
chemotherapy	  
Histology	   Retrospective	  TMA	   Retrospective	  	  
TMA	  
Retrospective	  	  
Whole	  section	  
Retrospective	  
TMA	  
Prospective	  
Whole	  section	  
Scoring	  of	  staining	  
in	  statistical	  
analyses	  
%	  cells	  stained	  
0	  to	  1%	  
>1	  to	  50%	  
>50%	  
%	  cells	  stained	  
0	  to	  ≤30%	  versus	  
≥30%	  (sic.)	  
	  
%	  cells	  stained	  	  
0	  to	  10%	  versus	  
>10%	  
%	  cells	  stained	  	  
0	  to	  <20%	  
versus	  
≥20%	  
%	  cells	  stained	  
0%	  versus	  
1-­‐100%	  
Centre/	  advancing	  
front	  assessed	  
Not	  specified	   Not	  specified	   Not	  specified	   Not	  specified	   Not	  specified	  
Nucleus/	  cytoplasm	  
assessed	  
Not	  specified	   Both	  assessed	  
separately	  
Not	  specified	   Not	  specified	   Both	  assessed	  
separately	  
Survival	  measure	   Overall	   Crude	  only	   Disease-­‐specific	   Overall	   Overall	  
Disease-­‐specific	  
Metastasis-­‐free	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   Gongoll	  [9]	   Cho	  [10]	   Hemandas	  [11]	   Wang	  [12]	   Boye	  [13]	  
Other	  variables	  
examined	  
Sex,	  age,	  size,	  site,	  
differentiation	  
histological	  type,	  T	  
status,	  	  N	  status	  	  
Site,	  size,	  N	  status	   Sex,	  age,	  size,	  
differentiation,	  	  	  
N	  status	  
Sex,	  age,	  site,	  
differentiation,	  
T	  status,	  N	  
status,	  M	  status	  
Sex,	  site,	  
TNM	  stage,	  
Differentiation,	  
T	  status,	  N	  status,	  
Lymphatic	  
infiltration,	  
Vascular	  invasion,	  	  
Perineural	  invasion,	  
Perinodal	  growth,	  	  
	  
High	  S100A4	  
associated	  with	  
other	  features	  
Advanced	  pT	  stage	  
Advanced	  pN	  stage	  
Distant	  recurrence	  
Advanced	  stage	  
Nodal	  metastases	  
Advanced	  stage	  
≥4	  nodal	  
metastases	  
Nodal	  
metastases	  
Distant	  
metastases	  
Nuclear	  S100A4	  
associated	  with	  
Stage,	  Nodal	  
metastasis,	  
Perineural	  invasion	  
	  
High	  S100A4	  
associated	  with	  
survival	  
(univariate)	  
Diminished	  survival	   No	  	   Diminished	  
survival	  
Diminished	  
survival	  
Nuclear	  S100A4	  
associated	  with	  
metastasis-­‐free,	  
disease-­‐specific	  &	  
overall	  survival	  	  
	  
S100A4	  had	  
independent	  
effect	  on	  survival	  
in	  Cox	  model	  
Yes	   Not	  performed	   Yes	   No	   Yes	  for	  nuclear	  
S100A4	  and	  overall	  
survival	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Table	  II.	  Clinicopathological	  characteristics	  of	  patients,	  and	  association	  between	  clinicopathological	  
characteristics	  and	  overall	  survival	  in	  451	  patients	  who	  had	  data	  on	  either	  central	  or	  frontal	  S100A4	  
expression.	  	  
_________________________________________________________________________________________	  
	  
	   	   	   	   	   	   Number	  	   Hazard	   Wald	  p	  
	   	   	   	   	   	   (%)	   	   ratio	  
_________________________________________________________________________________________	  
Age	   	   	   20-­‐74	  years	   	   296	  (66)	  
	   	   	   ≥	  75	  years	   	   155	  (34)	  	   2.3	   <0.001	  
	  
Sex	   	   	   Female	   	   	   174	  (39)	  
	   	   	   Male	   	   	   277	  (61)	  	   1.1	   0.571	  
	  
Tumour	  site	   	   Caecum-­‐transverse	  colon	   224	  (50)	  
	   	   	   Splenic	  flexure-­‐sigmoid	   227	  (50)	  	   0.9	   0.236	  
	  
Tumour	  size	   	   <	  5cm	   	   	   231	  (51)	  
	   	   	   ≥	  5cm	   	   	   220	  (49)	  	   1.2	   0.078	  
	  
Histological	  type	   	   Adenocarcinoma	  	   389	  (86)	  
	   	   	   Mucinous	  adenoca.	   	  	  62	  (14)	  	   0.9	   0.557	  
	  
Direct	  spread	  beyond	   No	   	   	   	  	  30	  (7)	  
muscularis	  propria	   Yes	   	   	   421	  (93)	  	   1.8	   0.024	  
	  
Apical	  node	  involved	   No	   	   	   397	  (88)	  
	   	   	   Yes	   	   	   	  	  54	  (12)	  	   1.8	   <0.001	  
	  
≥	  4	  nodes	  involved	   No	   	   	   315	  (70)	  
	   	   	   Yes	   	   	   136	  (30)	  	   1.6	   <0.001	  
	  
Venous	  invasion	   	   No	   	   	   341	  (76)	  
	   	   	   Yes	   	   	   110	  (24)	  	   1.6	   <0.001	  
	  
High	  grade	   	   No	   	   	   281	  (62)	  
	   	   	   Yes	   	   	   170	  (38)	  	   1.7	   <0.001	  
	  
Free	  serosal	  surface	   No	   	   	   331	  (73)	  
involved	  	   	   Yes	   	   	   120	  (27)	  	   2.0	   <0.001	  
	  
Adjacent	  structure	   No	   	   	   430	  (95)	  
infiltrated	   	   Yes	   	   	   	  	  21	  (5)	   	   1.5	   0.076	  
	  
Received	  adjuvant	   Yes	   	   	   	  	  65	  (14)	  
chemotherapy	   	   No	   	   	   386	  (86)	  	   2.3	   <0.001	  
_________________________________________________________________________________________	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Table	  III.	  Intensity	  of	  staining	  in	  central	  and	  frontal	  tumour	  tissue,	  and	  association	  between	  staining	  intensity	  
and	  overall	  survival.	  Number,	  per	  cent,	  hazard	  ratio	  (HR),	  p	  value)	  
	  
_________________________________________________________________________________________	  
	  
	   	   n	   Negative	   Weak	   Inter-­‐	   Strong	   HR	   Wald	  p	  
	   	   	   	   	   mediate	  
_________________________________________________________________________________________	  
	  
	  
Central	  nuclear	   404	  	  	  	  	   234	  (58)	   34	  (8)	   115	  (29)	   21	  (5)	  	   1.03	   0.613	  
	  
Central	  cytoplasmic	   404	   231	  (57)	   37	  (9)	   106	  (26)	   30	  (7)	   1.04	   0.483	  
	  
Frontal	  nuclear	   409	   230	  (56)	   28	  (7)	   130	  (32)	   21	  (5)	   1.03	   0.539	  
	  
Frontal	  cytoplasmic	   409	   218	  (53)	   35	  (9)	   118	  (29)	   38	  (9)	   1.02	   0.706	  
	  
_________________________________________________________________________________________	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Table	  IV.	  Association	  between	  percentage	  of	  S100A4-­‐stained	  cells	  and	  overall	  survival	  at	  the	  optimal	  
dichotomy	  of	  percent	  stained	  for	  central	  and	  frontal	  tumour	  tissue.	  
__________________________________________________________________________________________	  
	   	   Optimal	   	   Number	  	   5-­‐year	   95%	  CI	   	   Log-­‐rank	  p	  
	   	   dichotomy	   (%)	   	   survival	  
	   	   	   	   	   	   	   (%)	  
__________________________________________________________________________________________	  
	  
Central	  nuclear	   <	  60%	   	   383	  (95)	  48	   43-­‐52	   	   0.043	  
	   	   ≥	  60%	   	  	  	   21	  (5)	   	   24	   	  	  6-­‐42	  
	  
Central	  cytoplasmic	   <	  50%	   	   351	  (87)	  48	   43-­‐54	   	   0.088	  
	   	   ≥	  50%	   	   53	  (13)	   	   32	   20-­‐45	  
	  
Frontal	  nuclear	   <	  60%	   	   383	  (94)	  49	   44-­‐54	   	   0.004	  
	   	   ≥	  60%	   	   26	  (6)	   	   23	   	  	  7-­‐39	  
	  
Frontal	  cytoplasmic	   <	  70%	   	   364	  (39)	  49	   44-­‐54	   	   0.002	  
	   	   ≥	  70%	   	   45	  (11)	   	   29	   17-­‐42	  
__________________________________________________________________________________________	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Table	  V.	  Regression	  models	  for	  percentage	  of	  S100A4-­‐stained	  cells	  in	  central	  and	  frontal	  tumour	  
tissue.	  	  
__________________________________________________________________________________	  
	   	   	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  HR*	   95%	  CI	   	   Wald	  p	  
__________________________________________________________________________________	  
Central	  nuclear	  
	  
	   	   High	  S100A4	  (≥	  60%	  stained)	   	   1.2	   0.7-­‐1.9	   	   0.509	  
	  
	   	   Age	  ≥	  75	  years	   	   	   	   2.0	   1.5-­‐2.5	   	   <0.001	  
	  
	   	   ≥	  4	  involved	  nodes	   	   	   1.4	   1.1-­‐1.8	   	   0.007	  
	  
	   	   High	  grade	   	   	   	   1.6	   1.2-­‐2.0	   	   <0.001	  
	  
	   	   Free	  serosal	  surface	  involved	   	   1.6	   1.2-­‐2.0	   	   <0.001	  
	  
	   	   Adjacent	  structure	  infiltrated	   	   1.9	   1.1-­‐3.1	   	   0.024	  
	  
	   	   No	  adjuvant	  chemotherapy	   	   1.8	   1.2-­‐2.8	   	   0.006	  
	  
Frontal	  nuclear	  
	  
	   	   High	  S100A4	  (≥	  60%	  stained)	   	   1.5	   1.0-­‐2.3	   	   0.052	  
	  
	   	   Age	  ≥	  75	  years	   	   	   	   2.1	   1.7-­‐2.7	   	   <0.001	  
	  
	   	   Venous	  invasion	  present	   	   1.4	   1.1-­‐1.8	   	   0.011	  
	  
	   	   High	  grade	   	   	   	   1.7	   1.3-­‐2.1	   	   <0.001	  
	  
	   	   Free	  serosal	  surface	  involved	   	   1.4	   1.1-­‐1.9	   	   0.006	  
	  
	   	   No	  adjuvant	  chemotherapy	   	   2.1	   1.3-­‐3.1	   	   <0.001	  
	  
Frontal	  cytoplasmic	  
	  
	   	   High	  S100A4	  (≥	  70%	  stained)	   	   1.6	   1.1-­‐2.2	   	   0.008	  
	  
	   	   Age	  ≥	  75	  years	   	   	   	   2.1	   1.6-­‐2.7	   	   <0.001	  
	  
	   	   Venous	  invasion	  present	   	   1.4	   1.1-­‐1.9	   	   0.009	  
	  
	   	   High	  grade	   	   	   	   1.6	   1.3-­‐2.1	   	   <0.001	  
	  
	   	   Free	  serosal	  surface	  involved	   	   1.5	   1.1-­‐1.9	   	   0.002	  
	  
	   	   No	  adjuvant	  chemotherapy	   	   2.1	   1.4-­‐3.2	   	   <0.001	  
*	  Hazard	  ratio	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Table	  VI.	  Association	  between	  clinicopathological	  characteristics	  and	  frontal	  cytoplasmic	  S100A4	  expression.	  
_________________________________________________________________________________________	  
	  
	   	   	   	   	   	   High	  S100A4*	   	   Chi	  squared	  p	  
	   	   	   	   	   	   Number	  (%)	  
_________________________________________________________________________________________	  
Age	   	   	   20-­‐74	  years	   	   27/267	  (10)	   	   0.430	  
	   	   	   ≥	  75	  years	   	   18/142	  (13)	  
	  
Sex	   	   	   Female	   	   	   17/159	  (11)	   	   0.873	  
	   	   	   Male	   	   	   28/250	  (11)	  
	  
Tumour	  site	   	   Caecum-­‐transverse	  colon	   22/203	  (11)	   	   0.916	  
	   	   	   Splenic	  flexure-­‐sigmoid	   23/206	  (11)	  
	  
Tumour	  size	   	   <	  5cm	   	   	   26/205	  (13)	   	   0.276	  
	   	   	   ≥	  5cm	   	   	   19/204	  (9)	  
	  
Histological	  type	   	   Adenocarcinoma	  	   41/355	  (12)	   	   0.365	  
	   	   	   Mucinous	  adenoca.	   4/54	  (7)	  
	  
Direct	  spread	  beyond	   No	   	   	   2/28	  (7)	   	   	   0.755**	  
muscularis	  propria	   Yes	   	   	   43/381	  (11)	  
	  
Apical	  node	  involved	   No	   	   	   37/361	  (10)	   	   0.182	  
	   	   	   Yes	   	   	   8/48	  (17)	  
	  
≥	  4	  nodes	  involved	   No	   	   	   30/287	  (11)	   	   0.586	  
	   	   	   Yes	   	   	   15/122	  (12)	  
	  
Venous	  invasion	   	   No	   	   	   31/313	  (10)	   	   0.200	  
	   	   	   Yes	   	   	   14/96	  (15)	  
	  
High	  grade	   	   No	   	   	   23/256	  (9)	   	   0.092	  
	   	   	   Yes	   	   	   22/153	  (14)	  
	  
Free	  serosal	  surface	   No	   	   	   32/300	  (11)	   	   0.719	  
involved	  	   	   Yes	   	   	   13/109	  (12)	  
	  
Adjacent	  structure	   No	   	   	   42/390	  (11)	   	   0.349**	  
infiltrated	   	   Yes	   	   	   3/19	  (16)	  
	  
Received	  adjuvant	   Yes	   	   	   4/60	  (7)	   	   	   0.245	  
chemotherapy	   	   No	   	   	   41/349	  (12)	  
_________________________________________________________________________________________	  
*	  High:	  ≥70%	  of	  cells	  stained.	  
**	  Fisher’s	  exact	  test.	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Fig.	  1a	  
Fig.	  1b	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Figure	  1.	  These	  images	  illustrate	  the	  varying	  patterns	  of	  S100A4	  staining	  of	  tumour	  cells	  in	  
cores	  of	  colonic	  cancer.	  Fig	  1a	  shows	  negative	  staining	  of	  tumour	  cells;	  Fig	  1b	  shows	  positive	  
cytoplasmic	  staining	  of	  all	  tumour	  cells;	  Fig	  1c	  shows	  positive	  cytoplasmic	  staining	  of	  all	  
tumour	  cells	  together	  with	  nuclear	  staining	  in	  50%	  of	  the	  cells	  (original	  magnification	  50x).	  
	  
	   	  
Fig.	  1c	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Figure	  2.	  Overall	  survival	  of	  patients	  by	  cytoplasmic	  S100A4	  expression	  at	  the	  advancing	  
tumour	  front.	  High	  S100A4	  represents	  ≥	  70%	  of	  cells	  stained.	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CHAPTER	  6:	  
CONCLUSION	  &	  FUTURE	  PERSPECTIVES	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Conclusion	  &	  Future	  Perspectives	  
The	  management	   of	   colorectal	   cancer	   has	   transformed	   over	   the	   last	   3	   decades.	   Some	   of	  
these	   changes	   parallel	   progress	  made	  with	   other	   cancers,	   such	   as	   refinement	   of	   surgical	  
techniques	   to	   improve	   organ	   function	   preservation	   while	   also	   improving	   cure	   rates,	  
accompanied	  by	  selective	  use	  of	  neoadjuvant	  and	  adjuvant	  treatments,	  and	  emergence	  of	  
personalised	  therapy.	  With	  our	  increasing	  insight	  into	  genomic	  assessments	  and	  the	  pursuit	  
of	  personalised	  treatment	  in	  oncology,	  this	  thesis	  aimed	  to	  explore	  the	  different	  approaches	  
that	  can	  be	  adopted	  in	  attempt	  to	  optimize	  adjuvant	  therapy	  for	  colorectal	  cancer.	  
Multimodal	  treatment	  of	  rectal	  cancer	  has	  improved	  local	  response	  	  rates	  and	  can	  increase	  
the	  opportunity	  for	  sphincter	  preservation.	  Moreover,	  response	  to	  neoadjuvant	  treatment	  
has	  provided	  information	  about	  tumor	  behavior	  that	  challenges	  conventional	  management	  
strategies	   and	   is	   shifting	   the	   foundations	   of	   our	   understanding	   about	   rectal	   tumors.	   The	  
complexity	  of	   factors	   contributing	   to	  CRC	   tumor	  behavior	   and	   the	   spectrum	  of	   treatment	  
options	  available	  result	  in	  the	  need	  of	  multidisciplinary	  conferences	  to	  plan	  and	  implement	  
treatment	  and	  to	  review	  outcomes.	  	  
Recently,	  there	  have	  been	  some	  new	  developments	  that	  have	  challenged	  old	  practices.	  One	  
such	  change	  is	  that,	  increasingly,	  it	  appears	  that	  longer	  wait	  times,	  on	  the	  order	  of	  8	  weeks	  
to	  12	  weeks	  between	  the	  completion	  of	  neoadjuvant	  chemoradiotherapy	  and	  surgery,	  can	  
improve	   both	   the	   rate	   of	   pCR	   as	   well	   as	   the	   potential	   for	   sphincter	   preservation	   1.	   In	  
addition,	  there	  is	  emerging	  evidence	  from	  completed	  and	  ongoing	  clinical	  trials	  in	  regard	  to	  
the	   utilisation	   of	   a	   “wait	   and	   see”	   approach	   instead	   of	   immediate	   surgery	   when	   a	  
pathological	  pCR	  has	  been	  achieved	   following	  neoadjuvant	  chemoradiation	   2.	   In	   the	  study	  
reported	  in	  this	  thesis,	  we	  explored	  the	  outcomes	  of	  patients	  with	  Stage	  III(C)	  rectal	  cancer	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who	   were	   assessed	   by	   a	   multidisciplinary	   oncology	   team	   and	   received	   adjuvant	  
chemotherapy	  alone	  post	  curative	  resection.	  The	  results	  suggest	  that	  this	  carefully	  selected	  
cohort	   of	   patients	   derived	   benefit	   from	   the	   use	   of	   adjuvant	   chemotherapy.	   This	   new	  
potential	   strategy	   of	   treatment	   is	   important	   as	   it	   aims	   to	   avoid	   over-­‐treating	   patients	   as	  
treatment	   with	   radiotherapy	   can	   produce	   unwanted	   acute	   and	   late	   functional	   toxicities.	  
These	   data	   combined	   with	   the	   results	   of	   improved	   surgical	   techniques	   such	   as	   total	  
mesorectal	  excision	   (TME)	   identify	   that	   the	   role	  and	   type	  of	  neoadjuvant	  and/or	  adjuvant	  
therapy	  might	  need	  to	  be	  re-­‐evaluated.	  The	  present	  goals	  of	  numerous	  rectal	  cancer	  clinical	  
trials	   are	   to	   establish	   truly	   individualized	   treatment	  plans	   that	   are	  minimally	   invasive	   and	  
preserve	   organ	   function	   for	   patients	   with	   rectal	   cancer.	   Hopefully,	   in	   the	   near	   future,	   a	  
better	   understanding	   of	   the	   biology	   and	   genomics	   of	   rectal	   cancer	   will	   steer	   us	   towards	  
more	   logical	   and	   effective	   treatment	   regimens	   and	   thus	   avoid	   the	   risks	   of	   overtreatment	  
that	  can	  occur	  in	  a	  “one-­‐size-­‐fits-­‐all”	  approach.	  	  
	  The	  genetic	  diversity	  of	  CRC	  is	  also	  associated	  with	  varying	  toxicity	  rates	  and	  responses	  to	  
chemotherapy	   and	   radiotherapy.	   Many	   potential	   biomarkers	   have	   been	   evaluated	   using	  
whole-­‐genome	   and	   single-­‐marker	   or	  multimarker	   analyses,	   some	   of	   which	  may	   have	   the	  
potential	  to	  stratify	  CRC	  patients	  for	  multimodal	  treatment	  regimens	  and/or	  to	  implement	  
targeted	   therapeutics.	   Currently,	   many	   of	   these	   potential	   markers	   are	   awaiting	   clinical	  
validation.	  Reliable	  and	   robust	  ways	  of	   validating	  biomarkers	  must	  be	  applied	   so	   that	   the	  
results	  obtained	  will	   be	   clinically	  useful.	   Prospective	  analyses	  of	  biomarkers	   are	  preferred	  
when	  there	  is	  a	  strong	  scientific	  rationale	  while	  retrospective	  analyses	  are	  used	  when	  there	  
is	   no	   scientific	   rationale	   and	   “all	   comers”	   are	   required	   to	   be	   utilized.	   In	   such	   cases,	   if	   a	  
biomarker	   is	   found,	   a	   prospective	   validation	   of	   the	   biomarker	   in	   a	   clinical	   trial	   will	   be	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required	  to	  confirm	  the	  clinical	  benefits.	  Although	  this	  process	  will	  take	  a	  longer	  time,	  it	   is	  
feasible	   and	   reliable.	   	   K-­‐ras	   mutation	   was	   found	   to	   be	   a	   predictive	   marker	   of	   anti-­‐EGFR	  
antibody	  treatment	  in	  metastatic	  CRC	  using	  this	  process.	  	  
One	  of	  these	  approaches	  to	  identify	  potential	  biomarkers	  is	  described	  in	  the	  study	  reported	  
in	   the	   thesis.	   We	   retrospectively	   evaluated	   the	   association	   of	   a	   functional	   candidate	  
molecular	  biomarker,	  S100A4	  with	  the	  prognosis	  of	  patients	  with	  resected	  Stage	  IIIC	  colon	  
cancer.	  Interestingly,	  high	  expression	  of	  S100A4	  in	  cytoplasm	  at	  the	  advancing	  front	  of	  stage	  
C	   colonic	   tumours	   was	   independently	   associated	   with	   poor	   overall	   survival	   but	   was	   not	  
associated	  with	  any	  other	  clinical	  or	  pathological	   feature	  evaluated.	  The	  mechanisms	   that	  
links	  frontal	  cytoplasmic	  S100A4	  to	  overall	  survival	  in	  stage	  C	  colon	  cancer	  remain	  unclear	  as	  
it	   does	   not	   appear	   to	   be	   mediated	   through	   invasive	   or	   metastatic	   potential.	   Another	  
concern	  is	  that	  if	  S100A4	  is	  not	  associated	  with	  the	  number	  of	  involved	  lymph	  nodes	  within	  
stage	   C	   colon	   cancer	   patients,	   there	   is	   a	   possibility	   that	   it	   may	   not	   be	   associated	   with	  
undiagnosed	   micrometastases	   and	   thus	   may	   not	   be	   a	   predictive	   biomarker	   for	   adjuvant	  
chemotherapy	  aimed	  at	  eliminating	  such	  micrometastatic	  disease.	  	  
	  
In	  summary,	  the	  candidate	  gene	  approach	  is	  one	  of	  the	  possible	  ways	  to	  identify	  prognostic	  
or	  predictive	  biomarkers.	  It	  is	  relatively	  affordable,	  provides	  relevant	  biological	  information,	  
easy	  data	  analysis	  and	  statistical	  analysis	  but	  is	  less	  comprehensive	  and	  is	  subject	  to	  greater	  
potential	  for	  bias	  than	  genome	  wide	  association	  studies	  3.	  Another	  exciting	  potential	  
platform	  for	  biomarker	  discovery	  is	  proteomic	  analyses,	  however	  these	  provide	  an	  
additional	  challenge	  of	  extracting	  meaningful	  molecular	  signatures	  from	  complex	  datasets	  4.	  
An	  example	  of	  the	  more	  established	  genomic	  signature	  is	  the	  Oncotype	  Dx	  test	  for	  Stage	  II	  
 
 
160	  	  
colon	  cancer.	  However	  the	  Oncotype	  Dx	  test	  for	  colon	  cancer	  is	  useful	  for	  estimation	  of	  risk	  
of	  recurrence	  but	  not	  predictive	  for	  benefit	  from	  adjuvant	  chemotherapy	  5.	  
 
Another	  possible	  approach	  in	  the	  post-­‐genomics	  era	  is	  the	  multimarker	  platform	  study.	  An	  
example	  of	   such	  a	   study	   is	   the	  UK	  based	  FOCUS	  4,	  which	   selects	   treatment	  of	  metastatic	  
colorectal	   cancer	  patients	  based	  on	  molecular	   stratification.	  This	  was	  a	  multi-­‐stage,	  multi-­‐
arm	   trial	   with	   an	   adaptive	   design	   which	   allowed	   for	   effıcient	   incorporation	   of	   new	  
information	  or	  drugs	  into	  the	  trial.	  Patients	  were	  stratifıed	  and	  treated	  with	  targeted	  agents	  
on	   the	   basis	   of	   some	   developing	   but	   yet	   to	   be	   validated	   biomarker	   data,	  which	   included	  
mutations	   in	   oncogenes	   such	   as	   KRAS,	   BRAF,	   NRAS	   and	   PIK3CA;	   loss	   of	   the	   PTEN	  
oncosuppressor	   gene;	   mRNA	   levels	   of	   known	  modulators	   of	   EGFR-­‐MEK	   signaling	   such	   as	  
EREG,	  DUSP4,	  DUSP6;	  and	  immunohistochemical	  staining	  for	  DNA	  mismatch	  repair	  proteins	  
(MLH1,	  MSH2,	  MSH6,	  PMS2).	  The	  new	  paradigm	  of	  personalized	  therapy	  trials	   is	   to	  utilise	  
small	   but	   well-­‐defined	   homogenous	   populations	   with	   endpoints	   such	   as	   overall	   survival,	  
quality	  of	  life	  and	  cost-­‐effectiveness.	  
Hopefully,	   with	   increasing	   clinical	   research,	   more	   insights	   into	   the	   biology	   of	   colorectal	  
cancer	  and	  the	  development	  of	  new	  drugs,	  we	  will	  be	  able	  to	  discover	  more	  effective	  and	  
easily	   accessible	   multi-­‐biomarker	   panels	   to	   better	   predict	   treatment	   responses	   and	  
determine	  prognosis	  in	  the	  near	  future.	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